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I 

Ir is the purpose of this paper to set forth some facts 
regarding human mortality which appear to lead with 
great clarity to certain evolutionary generalizations of 
interest to the biologist, which have hitherto been over- 
looked so far as 1am aware. The present fashion in the 
study of evolution is towards the analytical discussion of 
the factors. Synthetic general discussions of broad 
phases of organic evolution, which occupied so prominent 
a place in early post-Darwinian times, are now but rarely 
found in biological literature. This may fairly be re- 
garded as a blessing, but perhaps not an entirely un- 
mitigated one. While much of the general discussion of 
evolution of the period of fifty years ago was utter non- 
sense, still a view of some of the aspects of the forest may 
be at least occasionally stimulating, and particularly in 
these present days when we are accumulating such a 
mass of precise data about the characteristics of the trees. 

It is in some ways remarkable that so little thought and 
interest have been given by general biologists to the 
phases of biology which form the working material of that 
branch of applied science which is roughly but still suffi- 
ciently intelligibly labelled ‘‘vital statisties.”’? The data 


1 Papers from the Department of Biometry and Vital Statistics, School of 
Hygiene and Public Health, Johns Hopkins University, No. 7. 
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of human natality, morbidity and mortality, when intel- 
ligently and broadly studied, can, I am sure, throw a 
great deal of light on some of the deepest and most sig- 
nificant problems of general biology. If the facts pre- 
sented in this paper succeed in some small degree in 
demonstrating that this opinion is not an entirely idle 
one, the purpose of this particular piece of work will 
have been served. 
II 

By an international agreement among statisticians the 
causes of human mortality are, for statistical purposes, 
rather rigidly defined and separated into something over 
180 distinet causes. It should be clearly understood that 
this convention is distinctly and essentially statistical in 
its nature. In recording the statistics of death the vital 
statistician is confronted with the absolute necessity of 
putting every death record into some category or other in 
respect of its causation. However complex biologically 
may have been the train of events leading up to a par- 
ticular demise, the statistician must record the terminal 
‘‘cause of death’’ as some particular thing. The Inter- 
national Classification of the Causes of Death is a code 
which is the result of many years’ experience and thought. 
Great as are its defects in certain particulars, it never- 
theless has certain marked advantages, the most con- 
spicuous of which is that by its use the vital statistics of 
different countries are put upon a uniform basis. 

The several separate causes of death are grouped in 
the International Classification into the following gen- 
eral classes: 

I. General diseases. 

II. Diseases of the nervous system and of the organs 

of special sense. 

IIT. Diseases of the circulatory system. 

IV. Diseases of the respiratory system. 

V. Diseases of the digestive system. 

VI. Non-venereal diseases of the genito-urinary system 

and annexa. 
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VII. The puerperal state. 
VIII. Diseases of the skin and of the cellular tissue. 

IX. Diseases of the bones and of the organs of loco- 

motion. 

X. Malformations. 

XI. Early infancy. 

XII. Old age. 
XIII. External causes. 
XIV. Ill-defined diseases. 

It is evident enough that this is not primarily a biolog- 
ical classification. The first group, for example, called 
‘‘General diseases,’’ which caused in 1916, in the Regis- 
tration Area of the United States approximately one 
fourth of all the deaths, is a curious biological and clin- 
ical melange. It ineludes such diverse entities as 
measles, malaria, tetanus, tuberculosis, cancer, gonococ- 
cus infection, alcoholism, goiter, and many other equally 
unlike causes of death. For the purposes of the statis- 
tical registrar it has useful points to make this ‘‘General 
diseases’’ grouping, but it clearly corresponds to nothing 
natural in the biological world. Again, in such part of 
the scheme as does have some biological basis, the basis 
is different in different rubrics. Some of the rubrics 
have an organological base, while others, as ‘‘ Malforma- 
tions’? have a causational rather than an organological 
base. 

Altogether it is evident that if any synthetic biological 
use is to be made of mortality data a fundamentally dif- 
ferent scheme of classification of the causes of death will 


have to be worked out. 
Til 


For the purposes of this study? I have developed an 


2Tt should be clearly understood that this phrase ‘‘ For the purposes of 
this study’’ means precisely what it says. I am not advocating a new classi- 
fication of the causes of death for statistical use. I should oppose vigorously 
any attempt to substitute a new classification (mine or any other) for the 
International List now in use. Uniformity in statistical classification is es- 
sential to usable, practical vital statistics. Such uniformity has now become 
well established through the International Classification. It would be most 
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entirely different general classification of the causes of 
death on a reasonably consistent biological basis. The 
underlying idea of this new classification is to group all 
causes of death under the heads of the several organ 
systems of the body, the functional breakdown of which 
is the immediate or predominant cause of the cessation 
of life. All except a few of the statistically recognized 
causes of death in the International Classification can be 
assigned places in such a biologically grouped list. It 
has a sound logical foundation in the fact that, biolog- 
ically considered, death results because some organ sys- 
tem, or group of organ systems, fails to continue its func- 
tion. Practically, the plan involves the reassignment of 
all of the several causes of death now grouped by vital 
statisticians under heading ‘‘I. General diseases.’’ It 
also involves the re-distributing of causes of death now 
listed under the puerperal state, malformations, early in- 
fancy, and certain of those under external causes. 
The headings finally decided upon for the new classi- 
fication are as follows: 
I. Cireulatory system, blood, and_ blood-forming 
organs. 
II. Respiratory system. 
III. Primary and secondary sex organs. 
IV. Kidneys and related excretory organs. 
V. Skeletal and muscular systems. 
VI. Alimentary tract and associated organs concerned 
in metabolism. 
VII. Nervous system and sense organs. 
VIII. Skin. 
IX. Endocrinal system. 
X. All other causes of death. 
It should be emphasized before presenting the tables 


undesirable to make any radical changes in the Classification now. I have 
in this paper made a rearrangement of the causes of death, for the purposes 
of a specific biological problem, and no other. I am not ‘‘ proposing a new 
classification of vital statistics’’ for official or any other use except the one 
to which I here put it. 
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of detailed statistics on this new classification that the 
underlying idea of this rearrangement of the causes of 
death is to put all those lethal entities together which 
bring about death because of the functional organic 
breakdown of the same general organ system. The 
cause of this functional breakdown may be anything 
whatever in the range of pathology. It may be due to 
bacterial infection; it may be due to trophic disturb- 
ances; it may be due to mechanical disturbances which 
prevent the continuation of normal function; or to any 
other cause whatsoever. In other words, the basis of the 
present classification is not that of pathological causa- 
tion, but it is rather that of organological breakdown. 
We are now looking at the question of death from the 
standpoint of the pure biologist, who concerns himself 
not with what causes a cessation of function, but rather 
with what part of the organism ceases to function, and 
therefore causes death. It is to be hoped that the novelty 
of this method of looking at the causes of human mor- 
tality will not per se prejudice the reader against it, to 
the degree at least of preventing him from examining the 
detailed results and consequences of such classification, 
which will be presented in what follows. 

There will now be presented in a series of tables the 
statistical data as to deaths arranged in this classifica- 
tion. The data given are in the form of death rates per 
hundred thousand living at all ages from various causes 
of death, arranged by organ systems primarily concerned 
in death from the specified disease. The statistics pre- 
sented are from three widely separated localities and 
times, viz., (a) from the Registration Area of the United 
States; (b) from England and Wales; and (c) from the 
City of Sao Paulo, Brazil. The first two columns of each 
table give the death rates, arranged in descending order 
of magnitude in the first column, for the Registration 
Area of the United States for the two periods, 1906-10 
and 1901-05. The third column of each table gives the 
death rate from the same cause of death for England and 
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Wales in the year 1914. The fourth column gives the 
‘rates for Sao Paulo for the year 1917. The data for the 
United States Registration Area were extracted from 
the volume of Mortality Statistics for 1916, issued by the 
Bureau of the Census. The English data were extracted 
from the Report of the Registrar General of England 
and Wales for 1914. The Sao Paulo rates were calcu- 
lated from data as to deaths and population given in the 
‘*Annuario Demographico’’ of Sao Paulo for 1917. 


TABLE IT 


CIRCULATORY SYSTEM, BLOOD AND BLOOD-FORMING ORGANS 


| | Registration Area, pp 
| England Sao 


No.3 “Cause of Death”’ as per International J.S.A. and Paulo 
Classification Wales 1917 
1906-10 | 1901-05 1914 
79 Organie diseases of the 133.2 124.2 137.3 130.0 
81 | Diseases of the arteries.............. 17.7 9.4 23:5 59.7 
78 | Acute endocarditis..................| 12.2 11.2 5.1 6.5 
7 | Searlet fever.... es 10.6 11.0 er 5.4 
150! | Congenital malformation of the lent. ; 9.0 6.7 , 4:2 4.65 
80 Angina pectoris..... 6.8 6.6 3.2 2.2 
32. | Embolism and thrombosis. ee eee 3.9 4.2 8.9 8.3 
20 | Purulent infection and septicemia. sepeess 3.8 6.1 1.8 22:2 
4 | Malaria. : 2.6 4.8 0.2 2.8 
85 | Hemorr ha age » and ‘other disea 1ses ‘of ‘the 
| circulatory 1.6 2.8 0.6 2.4 
77 | Pericarditis........ 1.3 2.1 1.2 1.1 
54 | Anemia, chlorosis........ 1.0 0.5 6.4 3.7 
83 | Diseases of the veins................ 0.6 0.6 1.0 0.7 
84 | Diseases of the lymphatices........... 0.3 0.2 0.9 0.2 
116 | Diseases of the spleen............... 0.2 | 0.3 0.2 0.4 
16 | Yellow fever....... 0 0.3 0 0 
0 0.1 0 0 


Nine of the items in Table I, namely items 77 to 85 in- 
clusive, are those of rubric III of the International Class- 


3 The numbers in this column in this and the following tables are the 
numbers of the several causes of death in the International Classification. 

4Jn part. 

5 The Sao Paulo statistics do not separate congenital malformations. This 
is the total rate. 

6 Less than 0.1 per 100,000. 
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ification, ‘‘Diseases of the circulatory system.’’ The 
other items of ‘Table I require some special explanation. 

No. 7, ‘‘Searlet fever,’’ appears in the International 
Classification under ‘‘General diseases.’’ It is placed 
here in the organological classification because in the 
vast majority of cases of fatal searlet fever it is the clin- 
ical form of the disease known as septic searlatina which 
is responsible for the death. Spengarn’ says that ‘‘sep- 
tic searlatine is responsible for most of the deaths.’’ 
‘The general condition is one of septicemia.’’ It, there- 
fore, seems best, on the present plan of biological classi- 
fication, to put scarlet fever with the circulatory system, 
blood and blood-forming organs, since septicemia is the 
result of a breakdown and failure to function of the 
normal defensive serologic mechanism of the body. 

The item 150 in the International Classification is en- 
titled ‘‘Congenital malformations,’’ and there includes 
the following three subdivisions: Hydrocephalus, con- 
genital malformations of the heart, and other congenital 
malformations. The second of these subdivisions, ‘‘con- 
genital malformations of the heart,’’ obviously belongs 
here, and is consequently included, while the other sub- 
divisions do not. 

Item 20, ‘‘Purulent infection and septicemia,”’ is taken 
from ‘‘General Diseases’’ and put here on the same rea- 
soning as that just stated for scarlet fever. 

Item 142, ‘‘Gangrene,’’ is placed here because nor- 
mally in civilian life, under the conditions which pre- 
vailed when these statistics were taken, most fatal gan- 
grene is due to impairment of the circulation as a primary 
cause. The.arteries become occluded either from end- 
arterial inflammation, due either to frank infection, or to 
various somewhat obscure causes producing local obliter- 
ative arteriosclerosis, or to trauma, or to thrombosis or 
embolism, especially in association with cardiac disease. 
Again some cases of gangrene, in the sense under con- 


7Spengarn, A., article ‘‘Scarlatine,’’ in Ref. Handbook Med. Sci., Vol. 
VII, p. 658, 1916. 
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sideration here, are doubtless due to extensive phlebitis 
and primary thrombosis of veins. In any case it is a 
part of the circulatory system which breaks down, and 
therefore we are warranted in placing this disease in 
Table I. 

Item 4, ‘‘Malaria,’’ is fundamentally a disease of the 
blood, and hence is placed here from ‘‘General diseases.”’ 

All the evidence that the pathological anatomist has 
leads to the view that yellow fever, typhus fever, relaps- 
ing fever and miliary fever are blood diseases. They 
have the lesions of septicemias, or are transmitted by 
biting insects, or both. 

Items 53 and 54, ‘‘Leukemia’’ and ‘‘Anemia, chlo- 
rosis,’’ represent breakdowns of the blood or blood-form- 
ing organs of the body. They are taken from Class I of 
the International Classification. 

In the International Classification item 116, ‘‘ Diseases 
of the spleen,’’ is placed under the general rubric of 
‘‘Diseases of the digestive system.’’ This is a good 
illustration of the biological absurdities which appear 
in the statistical classification now used. Just what the 
spleen has.to do directly with digestion does not appear. 
It is primarily a blood-forming organ. 

Bubonic plague is a disease of the lymphatic system. 
The great epidemics of fatal type are characterized by 
the pneumonic and septicemic forms. On the whole, it 
seems best to place this disease here. 

It is evident from the data of Table I that where death 
ensues from a breakdown of any part of the circulatory 
or blood systems it is preponderantly the heart itself 
which is at fault. Diseases of the arteries, which, gen- 
erally speaking, mean arteriosclerosis, come second in 
importance. The other causes listed are of relatively 
minor importance. The relatively enormous rates for 
diseases of the arteries and for purulent infection and 
septicemia in Sao Paulo are noteworthy. 

For the present no attempt will be made to discuss the 
reasons for these differences, since the main object in this 
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section of the paper is to get the data as a whole before 
the reader. 

The question may fairly be raised as to whether item 
22, ‘‘Anthrax,’’ should not come in Table I with the blood 
rather than with the skin in Table VIII. It is a difficult 
question and one not capable of any absolutely precise 
solution in the nature of the case. Most fatal cases of 
anthrax, if not all, are septicemias, or, perhaps better, 
bacteremias, due finally to failure of the defensive 
mechanism of the blood. Furthermore, pneumonie and 
intestinal forms of anthrax occur. On the whole, how- 
ever, the weight of evidence seems to be that in the 
majority of cases at least the organism gains its entrance 
and first victory through the skin, and that the biological 
strength or weakness of that organ system determines 
primarily what will subsequently happen. Fortunately, 
the total rate from anthrax is so small as to be of no sig- 
nificance in any general result. 

The causes of death listed in Table II include all of 


TABLE II 


RESPIRATORY SYSTEM 
Registration Area, | England | 


No. “Cause of Death” as per International | S U. 8. A. abe and | a 
Classification | Wales | 1917 

| 1906-10 1901-05| 1914 

28&29 Tuberculosis of lungs (including acute | 

miliary tuberculosis).............. | 146.8 | 170.7 | 104.5 | 119.8 
92 Pneumonia (lobar and undefined).....| 103.0 | 125.5 57.5 59.9 
91 Bronchopneumonia................. | 40.4 32.9 50.9 | 103.9 
9 Diphtheria and croup............... | 22.4 296 | 160] 9.6 
89 | Acute bronchitis....................| 15.2 21.4 | 108.78} 62.1 
8 | Whooping cough....................] 11.5 10.9 21.8 9.1 
90 | Chronic bronchitis..................| 11.1 15.4 3.9 
94 Pulmonary congestion and apoplexy. . . | 5.6 8.6 | 4.5 | 9.4 
98 Other respiratory diseases............ | 2.8 4.3 PY 5.2 
87 | Diseases of the larynx...............| 4:2 2.3 3.2 | 0.9 
97 Pulmonary emphysema..............| 0.7 1.2 | 2:2 
95 Gangrene of the lungs...............| 0.4 0.5 0.3 3.3 
86 Diseases of the nasal fossae.......... | 0.2 0.2 0.2 | 0.2 
< 9003 | 4005 | | 4175 


8 Includes acute and chronic bronchitis. 
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those under the general heading IV, ‘‘Diseases of the 
respiratory system’’ of the International Classification, 
with a single exception, namely No. 88, ‘‘Diseases of the 
thyroid body,’’ which goes elsewhere in the present clas- 
sification. In addition, there are in Table II four causes 
of death which are not included with the respiratory 
system in the International List. These four we may 
consider in detail. 

Item 28, ‘‘Tuberculosis of lungs,’’ obviously belongs 
with the respiratory system, in a strictly organological 
classification. The breakdown of the lungs as a function- 
ing system is the biological meaning of death from pul- 
monary tuberculosis. This item is taken from rubric I, 
‘‘General diseases,’’ of the International Classification. 
Acute miliary tuberculosis has been included with pul- 
monary tuberculosis here, rather than as a separate item, 
for the reason that the English statistics treat these 
items together. No significant error is introduced by 
this procedure for two reasons: (a) the rate from miliary 
tuberculosis by itself is very small; and (b) probably a 
majority of cases of acute miliary tuberculosis have the 
lungs as the chief organ affected. 

Item 9, ‘‘Diphtheria and croup,’’ is again obviously a 
respiratory category, on the basis of organs affected. It 
does not seem to me to be to the point to argue that death 
in diphtheria is in many cases due to a general toxemia. 
To do so brings into prominence an aspect of the matter 
foreign to our present point of view. The infecting 
agent attacks a part of the respiratory system. If that 
system were in man as in the insects, lined with chitin in 
considerable part, presumably death from the clinical 
entity known as diphtheria would never occur, because 
the organism would not get the necessary foothold to 
produce enough toxin to be troublesome. It seems to me 
further that there is a fundamental biological difference 
between the cases of scarlet fever and septicemia on the 
one hand, and diphtheria on the other hand, which leads 
to the placing of the former with the blood and the latter 
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with the respiratory system. It is apparent, of course, 
that the matter of the placing of diphtheria can be argued 
from both sides, but on the whole I incline to the view 
that it belongs here with the respiratory organs rather 
than with the blood. 

Item 10, ‘‘Influenza,’’ is so obviously respiratory as to 
require no discussion. The same may be said of item 8, 
‘Whooping cough.”’ 

The reason for including item 6, ‘‘Measles,’’ here is 
clearly stated by Spengarn® when he says regarding 
measles: ‘‘The mortality of this disease is largely due to 
the pulmonary complications,’’ and further: ‘‘The high 
mortality among the measles patients in children’s hos- 
pitals is attributed to bronchopneumonia.’’ 

Table Il brings out very clearly one important point in 
favor of the present classification. It is evident from an 
examination of the four columns of rates that the usages 
in respect of the diagnostic terminology of respiratory 
affection, especially the pneumonias and bronchitis, differ 
greatly in these three countries. Yet the totals for all 
respiratory system deaths are closely similar for all 
three countries and periods. In other words, the organ- 
ological totals get rid to a large degree of one of the 
greatest sources of error in vital statistics, the varying 
terminology of disease in different regions. 

The first and the fourth items in Table III present a 
new angle of the problem of the classification of the 
causes of death which needs particular discussion. These 
items, ‘‘Premature birth”’ and ‘‘Injuries at birth’’ repre- 
sent a part of the items 151 and 152 of the International 
Classification. In the International Classification, item 
151, which comes under the general heading ‘‘ XI. Early 
infaney,’’ has this general title ‘‘Congenital debility, 
icterus and sclerema (total).’’ This contains two sepa- 
rate subdivisions not numbered, the first being ‘‘Pre- 
mature birth,’’ and the second ‘‘Congenital debility, 


9Spengarn, A., article ‘‘ Measles’’ in Ref. Handbook Med. Sci., Vol. vt, 
p. 283, 1916. 


16 THE AMERICAN NATURALIST [Vou. LIV 


TABLE III 


PRIMARY AND SECONDARY SEX ORGANS 


a Area, | | England 
No. “‘Cause of Death” as per International U.S. A. | and 


Classification Wales Paulo 
1906-10 | 1901-05 | 1914 1917 
“4510 Pr remature birth. Sav | 808 46.9 66.8 
42 | Cancer of the female wonital « organs... 10.8 | 10.0 12.9 6.5 
137 | Puerperal septicemia................ 6.8 | 6.3 3:7 6.5 
43 | Cancer of the breast................. 65 | 5.6 | 10.4 1.5 
126 | Diseases of the prosts ate. : 3.4 | 26 | 4.2 0.7 
132 | Salpingitis and other uses geni- 
talor@ans. ...... 2.2 2.1 0.5 0.2 
129 | Uterine tumor (non-ca cerous) | 28 0.8 0 
134 | Accidents of pregnancy. 1.1 0.2 
130 | Other diseases of the uterus.......... 16 | 1.7 0.4 0.4 
136 | Other accidents of labor. 13 | 0.9 1.1 0.7 
140 | Following childbirth. 11 | 1.5 0.1 — 
131 | Cysts and other tumors of ovary. LO i sks 0.8 0.2 
135 | Puerperal hemorrhage...... eee 1.0 | 1.0 1.3 1 
125 | Diseases of the urethra, urinary ab- | 
38 | Gonococcus infection . 03 | 0.1 0.2 
128 | Uterine hemorrhage (non- puerper: -al). 
127 | Non-venereal diseases of co genitz il | 
| organs.... 0.1 | 0.1 0.2 0 
133 | Non- puerperal diseases ‘of bres ast ‘(exe ept | 
| cancer). : | 0.1 0.1 0 
139 | al phlegma isia, ete.. | 0.9 0 


atrophy, marasmus, ete.’’ Item 152, coming under the 
same general head of the International Classification has 
the general title ‘‘Other causes peculiar to early infancy 
(total).”’ This term contains two unnumvered sub- 
divisions, the first being ‘‘Injuries at birth,’’ and the 
other ‘‘Other causes peculiar to early infancy.”’ 

The question at once arises, why should these two items 
‘‘Premature birth’’ and ‘‘Injuries at birth’’ be included 
with the primary and secondary sex organs, since it is 
obvious enough that the infants whose deaths are re- 
corded under these heads in the vast majority of cases, 
if not all, have nothing whatever the matter with either 
their primary or secondary sex organs. The answer is, 


10 Including soft chancre (syphilis 1.5, and soft chancre 13.5). : 
11In part. Cf. text here. 
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in general terms, that on any proper biological basis 
deaths coming under either of these two categories are 
not properly chargeable organically against the infant 
at all, but should be charged, on such a basis, against the 
mother. To go into further detail, it is apparent that 
when a premature birth occurs it is because the reproduc- 
tive system of the mother, for some reason or other, did 
not rise to the demands of the situation of carrying the 
fetus to term. Premature birth, in short, results from a 
failure or breakdown in some particular of the maternal 
reproductive system. This failure may be caused in 
various ways, which do not here concern us. The essen- 
tial feature from our present viewpoint is that the repro- 
ductive system of the mother does break down, and by so 
doing causes the death of an infant, and that death is 
recorded statistically under this title ‘‘ Premature birth.’’ 
The death organically is chargeable to the mother. 

A considerable number of cases of premature birth are 
unquestionably due to placental defect and the placenta 
is a structure of fetal origin, so such deaths could not be 
properly charged to the mother. On the other hand, 
however, they would still stay in Table III, because the 
placenta may fairly be regarded as an organ intimately 
concerned in reproduction. 

The same reasoning which applies to premature births, 
mutatis mutandis, applies to the item ‘‘Injuries at birth.’’ 
An infant death recorded under this head means that 
some part of the reproductive mechanism of the mother, 
either structural or functional, failed of normal per- 
formance in the time of stress. Usually ‘‘injury at birth’’ 
means a contracted or malformed pelvis in the mother. 
But in any case the death is purely external and acci- 
dental from the standpoint of the infant. It is organ- 
ically chargeable to a defect of the sex organs of the 
mother. The female pelvis, in respect of its conforma- 
tion, is a secondary sex character. . 

A practical difficulty arose from the fact that in the 
Sao Paulo statistics items 151 and 152 are not subdivided. 
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In the ease of the first of these, item 151, I have ventured 
to divide the total rate in roughly the same proportion 
between the two subdivisions as exists in the United 
States and England, namely ? to premature birth and 2 
to congenital debility, ete. While this is admittedly a 
hazardous proceeding, it seems to me less so than to omit 
entirely so important a rate, which seems to me the only 
other practical alternative. In the case of item 152 the 
total rate is so small (3.3) that no particular difference 
will be made whatever the basis of distribution used. 
Consequently, I have again divided it roughly on the basis 
of the American figures, calling 2 of the total due to 
injuries at birth. 

Table IIT also includes data which in the International 
Classification are distributed under three different gen- 
eral heads. First, ‘‘General diseases’’; second, ‘‘Non- 
venereal diseases of the genito-urinary system and an- 
nexa’’; and third, ‘‘Puerperal state.’’ In the Interna- 
tional List all cancers are included under ‘‘General dis- 
eases.’’ We have taken out for inclusion here the several 
cancers of the primary and secondary sex organs, includ- 
ing item 42, ‘‘Cancer of the female genital organs,’’ and 
item 43, ‘‘Cancer of the breast.’? Items 37 and 38, 
‘*Syphilis’’ and ‘‘Gonococcus infection,’’ are also taken 
out of the class of ‘“General diseases’? of the Inter- 
national List. 'The immediate reason for including these 
diseases here is obvious, but particularly in relation to 
syphilis the point at once needs further discussion. As 
a cause of actual death, syphilis frequently acts through 
the central nervous system, and the question may fairly 
be raised why, in view of this fact, syphilis is not there 
included. The point well illustrates one of the funda- 
mental difficulties in any organological classification of 
disease. In the case of syphilis, however, the difficulty in 
practise is not nearly so great as it is in theory. Asa 
matter of fact, most of the deaths from the effect of 
syphilitic infection on the nervous system are recorded in 
vital statistics by reporting physicians and vital statis- 
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ticians as diseases of the nervous system. For example, 
it is perfectly certain that most of the deaths recorded as 
due to ‘‘locomotor ataxia’’ and ‘‘softening of the brain”’ 
are fundamentally syphilitic in origin. The rate included 
in Table III of 5.4 for the Registration Area of the United 
States in 1906-10 for deaths due to syphilis is far lower, 
as any clinician knows, than the number of deaths really 
attributable to syphilitic infection. These other deaths, 
due to syphilis, and not reported under that title, are 
reported under the organ which primarily breaks down 
and causes death, as, for example, the brain, and will in 
the present system of classification be included under the 
nervous system. After careful consideration it has 
seemed as fair and just as anything which could be done 
to put the residue of deaths specifically reported as due 
to syphilis under Table III, Primary and Secondary Sex 
Organs. ‘The rate in any event is so small that whatever 
shift was made could not sensibly affect the general re- 
sults to which we shall presently come. 

The question may be asked as to why puerperal septi- 
cemia (item No. 137) is included here and not with the 
diseases of the circulatory system and blood on the same 
reasoning that general septicemia was put there. The 
cases seem to be essentially different. Puerperal septi- 
cemia arises fundamentally because of a failure of the 
reproductive system of the female to meet in a normal 
way the demands made upon it by the process of repro- 
duction itself. In line with the general reasoning on 
which we are working in this classification, it would 
therefore seem that this cause of death belongs where it 
has been put here, with the primary and secondary sex 
organs. ‘The same sort of reasoning applies to the other 
puerperal causes of death here included. 

Item 125, ‘‘Diseases of the urethra, urinary abscesses, 
etc.’’ is placed with the sex organs rather than with the 
excretory organs in Table IV, because, with very few ex- 
ceptions, the deaths in this item are sequele of gonorrhea. 
Urinary abscesses are secondary usually to urethral 


| 
e 
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stricture, which in turn, except for an insignificant num- 

ber of traumatic cases, is gonorrheal in origin. 
Regarding the wisdom of bringing together under one 

rubric the causes of death listed in Table IV on a biolog- 


TABLE IV 


KIDNEYS AND RELATED EXCRETORY ORGANS 


Registration Area, | Fong): 
8 USA. England Sno. 


No. | “*Cause of Death”’ as per International | and Paulo 
Classification Wales 1917 
1996-10 1901-05 1914 

138 | Puerperal albuminuria and convulsions 3.4 2.8 1.7 ere 

124 | Diseases of the bladder.............. 3.1 4.3 3.3 1.3 

121& 

122 | Chyluria and other diseases of the 

123 | Calculi of the urinary passage........ 0.6 0.5 0.7 0.4 


ical basis, there would seem to be little doubt with a single 
exception. This does present a very difficult problem. 
Item 138, Puerperal albuminuria, is included here rather 
than with other puerperal diseases under the sex organs, 
or elsewhere,:on the reasoning that the cause of death is 
finally the organic breakdown of the kidneys and not of 
the reproductive system, and béespeaks a fundamental 
organic weakness of the excretory system, which weak- 
ness is made to flare up into clinical nephritie trouble 
under the strain of pregnancy. Basically these toxemias 
are due to faulty maternal metabolism, of unknown 
origin, which can not in the present state of ignorance be 
properly charged against any particular organ or organ 
system. It, however, remains a fact that many women 
having organically sound excretory organs are able to 
weather even very severe metabolic storms of this sort 
near the end of pregnancy and survive. Others with 
organically weak excretory systems go down. In view of 
these facts it seems on the whole fairer to put these 
deaths here than against any other organ system. 

The ‘‘rheumatisms”’ present another difficult ques- 
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tion. A precise and critical decision on the point of 
where these diseases belong in this present scheme of 
classification is impossible of attainment. Weighing all 
the evidence carefully, it seemed best to put chronic rheu- 
matism and gout and acute articular rheumatism in 
Table V, under ‘‘Skeletal and muscular system,’’ rather 
than here with the kidneys. Much at least of the fatal 
chronic rheumatism is really a chronic infective arthritis. 
Gout is a disease due to fundamental disturbances of 
general metabolism, but the statistical returns lump 
deaths from this cause with chronic rheumatism. The 
death rates from all of these diseases are, fortunately, so 
small that it makes no essential difference to the final 
synthetic result towards which we are working where 
they are placed. 
TABLE V 


SKELETAL AND MUSCULAR SYSTEM 


| Registration Area, England ca 
sao 


| 
No. | “Cause of Death” as per International 


and Paulo 
Classification | Wales 1917 
| 1906-10 1901-05 
47 | Acute articular rheumatism.......... 5.4 5.2 5.6 2.6 
146 | Diseases of the bones................| 2.5 2.4 1.5 0.7 
48 | Chronic rheumatism and gout........ 2.2 3.6 5.4 0 
33 | swellings: . 0.7 0.9 0 
147 | Diseases of the joints................| 0.2 0.2 0.4 0 
149 | Other diseases of the organs of loco- 


Item 47, ‘‘ Acute articular rheumatism,’’ and the two 


tubercular affections, items 32 and 33 (Pott’s disease and 
white swellings) are placed here because the essential 
lesion produced by the causative agents is in either the 
bones or the joints. 

All of the rates in Table V are small, and any of the 
causes of death listed therein could be shifted to other 
rubrics without sensibly affecting any general result. 


12 Not separately tabulated. 


22 THE AMERICAN NATURALIST [Vou. LIV 


In Table VI are included a number of causes of death 
beyond those which are included in general heading ‘‘V. 
Diseases of the digestive system’’ in the International 


TABLE VI 


ALIMENTARY TRACT AND ASSOCIATED ORGANS CONCERNED IN METABOLISM 


Registration Area, ngiana | 
No. “Cause of Death as per International and | 
Classification Wales | 1917 
1906-10 | 1901-C€5 1914 
104 Diarrhea and enteritis (under 2)...... 96.2 89.0 63.614) 383.6 
151 Congenital debility, atrophy, marasmus) 28.8 23.2 27.1 44.3 
40 Cancer of the stomach and liver...... 28.3 24.7 36.5 28.1 
1 | Typhoid fever...... Mean s016 32.0 4.6 14.4 
103 Other diseases of stomach . : -| 16.8 17.7 10.9 1.3 
105 Diarrhea and enteritis @ and ov rer) .| 16.7 20.2 49.9 
113 | Cirrhosis of the liver................) 14.8 14.4 11.2 12.2 
50 | Diabetes..... 13.7 11.5 12.2 5.4 
109 = Hernia and intestinal obstruction .... . 12.9 13.0 10.9 3.0 
71 | Convulsions of infants. ..... 21.4 22.7 10.0 
108 | Appendicitis and typhlitis............) 11.2 11.0 7.1 3.5 
41 Cancer of the peritoneum, intestines, 
Dysentery . 6.5 8.6 0.7 9.6 
117 | Simple peritonitis. 6.1 10.8 1.4 13.3 
115 | Other diseases of the live 6.1 7.5 2.6 5.7 
31 | Abdominal tuberculosis.............. 6.0 | 6.0 9.4 LZ 
150" Other congenital malformations 4.5 | . 3.9 5.4 16 
102 | Ulcer of the stomach. 3.6 | 2.9 3.5 
110 Other diseases of intestines Sean ree 2.8 | 2.9 1.4 5.4 
114 _ Biliary ealeuli....... 2.8 | 2.2 2.3 0.4 
39 Cancer of the buces al cav rity 2.6 2.1 6.6 1.3 
35 | Disseminated tuberculosis. ........... 2.5 2.8 5.5 2.2 
Diseases of the 1.6 1.4 24 0.4 
| Cholera mostras:. 1.0 1.4 0.1 0.2 
99 | Diseases of the mouth............... 0.7 0.7 1.5 0.4 
59 | Other chronic poisonings...... : 0.5 0.5 0 0.2 
118 | Other diseases of the digestive sy stem . 0.5 0.3 0.6 eA 
111 | Acute yellow atrophy of liver......... 0.4 0.4 0.2 0.4 
101 | Diseases of the esophagus............| 0.3 0.3 0.2 | 1.3 
57 | Chronic lead poisoning.............. 0.2 0.3 0.2 0 
106 & | | 
107 | Parasites.... 0.1 0.1 0.1 6.3 
112 | Hydatid tumor of live er. Le AYelabeatate 16 16 0.1 0.2 
384.9 | 340.4 | 274.1 | 613.8 
13 In part. 


14 Diarrhea and enteritis, all ages. 

15 See footnote to Table I. 

16 Death rate less than 0.1 per 100,000. 

17 Not separately. tabulated for period named. 


No.- 630] HUMAN MORTALITY RATES 23 


Classification. Of these causes which have been brought 
in from other parts of the International Classification the 
first which demands attention is the second on the list 
‘‘Congenital debility, atrophy, marasmus.’’ This is a 
part of item No. 151 of the International Classification. 
As already pointed out, that item includes ‘‘Premature 
birth,’’ which has in the present classification been placed 
under ‘‘Primary and secondary sex organs’’ for reasons 
already stated, and ‘‘Congenital debility, atrophy, ma- 
rasmus, ete.,’? which is the part included here. The 
reason for putting this portion of item 151 under the 
present heading is the practical one that clinical expe- 
rience shows that the vast majority of the deaths of in- 
fants which are statistically recorded under this heading 
‘‘Congenital debility, atrophy, and marasmus’’ are actu- 
ally due to deficiencies, functional, structural, or both, 
in. the alimentary tract. In probably more than 95 per 
cent. of all cases ‘‘Congenital debility’? of an infant 
means that something is wrong with the alimentary tract 
in its immediate metabolic functions. 

Item 50, ‘‘Diabetes,’’ includes deaths from a disease 
which, while diagnosed from a disarrangement of the 
excretory function, is primarily an affection of the organs 
which have to do with the initial or early stages of 
metabolism (the liver, the pancreas, etc.). It therefore 
seems to belong properly in the classification where it is 
now placed rather than with the kidneys. In the Inter- 
national Classification it is included with ‘‘General 
diseases.”’ 

Item 71, ‘‘Convulsions of infants,’’? is in the Inter- 
national Classification placed with ‘‘Diseases of the 
nervous system.’’ It is transferred from that location 
to the present one in this classification because of the 
well-known clinical fact that the vast majority of deaths 
of infants recorded as due to convulsions are really due 
to profound disarrangements of the alimentary tract, 
which eventually lead to convulsions. Biologically, the 
fundamental breakdown in such cases is of the alimen- 
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tary tract and associated organs, and not of the brain or 
central nervous system. 

The part of item 150 of the International Classification 
bearing the title ‘‘Other congenital malformations”’ needs 
some discussion in regard to its inclusion here. In other 
rubrics of the present classification we have taken ac- 
count of hydrocephalus and congenital malformation of 
the heart, both of which come under the general heading 
‘*X. Malformations’’ of the International Classification. 
The only other rubric under that heading in the Inter- 
national Classification is the one here under discussion 
‘‘Other congenital malformations.’’ It is, of course, im- 
possible to say in detail what these other congenital mal- 
formations are. It seems fair, however, to assume from 
general knowledge that after hydrocephalus and con- 
genital malformations of the heart are deleted, the great 
majority of the remaining congenital malformations will 
relate directly to the alimentary tract or some of its asso- 
ciated organs. Quantitative proof that this is the case 
is not forthcoming for obvious reasons. The placing of 
this item here is simply on the basis of the best informa- 
tion it is possible to get from those most familiar with 
congenital malformations in infants. There is undoubt- 
edly some error inherent in placing this title here, but 
the net effect of such error must be insignificant for the 
reason that the death rate under this rubric is very small 
in total, as will be seen from the table, and furthermore, 
as has already been stated, it is certain on general grounds 
that the vast bulk of deaths included here must be due to 
malformations of the alimentary tract or its associated 
organs. 

Items No. 31 and 35 (Abdominal tubereulosis, and dis- 
seminated tuberculosis) are placed here, because, while 
these titles are somewhat indefinite, it is quite certain 
that the major portion of the deaths recorded by health 
officers under these terms are due to tubercular affec- 
tions of the alimentary tract. 

Items 57, 59, 26, 27, and 49 (chronic lead poisoning, 
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other chronic poisonings, pellagra, beriberi, and scurvy) 
present an interesting problem. The question is whether 
they should go here or with external causes in Table X. 
It can be argued that on the one hand, the poisonings are 
due simply to the ingestion of a deleterious agent and 
death has no biological basis any more than if a person 
is struck by an automobile, and, on the other hand, that 
deaths from the diseases like pellagra and beriberi again 
simply arise from the fact that the victim lacked a proper 
diet. But the case is not so simple as this argument 
would imply. Not all workers in paint factories, nor all 
inmates of insane asylums or prisons die from these 
causes. Some survive. And it is reasonable, it seems 
to me, to suppose that in many eases at least the deter- 
mining factor in the survival is the relative organic 
soundness or ‘‘strength’’ of the organs primarily con- 
cerned in metabolism. On this basis, this group of causes 
of death is included in Table VI. Fortunately, they are 
all insignificant contributions to the total death rate. 
Regarding the other items in Table VI, taken from the 
‘‘General disease’’ class of the International Classifica- 
tion, there is no need for discussion because it is suffi- 
ciently evident that on a biological classification they 
belong here rather than with any other organ group. 
The enormous excess of the Sao Paulo death rate for 
the total of the items in Table VI as compared with the 
Registration Area of the United States and England and 
Wales is noteworthy. Examination of the data will show 
that it arises almost entirely from the excessive death 
rate in Sao Paulo from diarrhea and enteritis (under 2). 
In the main the causes of death included in Table VII 
in addition to those which appear in class II, ‘‘ Diseases 
of the nervous system and of the organs of special sense’’ 
of the International Classification, so obviously belong 
here as to require no special discussion. Two, however, 
call for comment. Of these the most important is suicide. 
In the International Classification suicides are placed 
under ‘‘ XIII. External causes,’’ a singularly inept loca- 
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TABLE VII 


NErvous SYSTEM AND SENSE ORGANS 


| Registration Area, | wengiana | Sao 
No. “Cause of Death” as per International | U.S.A. ; and Paulo 
Classification Wales 1917 

| 1906-10 1901-05 1914 

64 Cerebral hemorrhage and 69.6 65.3 32.9 
61 Meningitis (total). 11.5 43.1 
66 Paralysis without specified cause...... | 96,1 20.1 2.6 
Suicide (total) . 13.9 10.0 | 12.9 

30 Tuberculous meningitis. 9.1 8.9 12.6 0 
56 | Alcoholism. é 5.8 6.1 1.8 2.8 
63 Other diseases of the spinal ‘cord. | 4.9 7.5 | 4.4 


74 | Neuralgia, neuritis and other diseases of 


the nervous system. Bee ee 5.5 6.9 7.0 | 2.0 
67 | General paralysis of the it BASANG: o.5.5.5.<.0-< 5.5 6.8 6.1 3.0 
69 Epilepsy. 4.2 4.4 7.6 4.8 
68 | Other forms of ‘mental alienation. 3.6 3.6 2.7 0.7 
24 | Tetanus...... nee 200 3.5 0.5 4.6 
2 Locomotor ataxia. te | 2.6 2.4 19} 0.2 
65 | Softening of the bra RBA GY Ban oxakcnevonnce | 2.5 | 3.7 3.9 | 0.7 
15018) Siydrocephaluss 1.4 1.6 1.0 19 
60  Encephalitis....... 1.1 1.9 0.9 1.3 
70 | Convulsions seve puerperal). . 0.5 1.1 0.3 | 1.7 
72 | Chorea. 0.2 0.3 | 0.5 | 0 
23 | Rabies.. citeneee 0.2 0.1 0 0.7 
75 | Diseases of the ey e and annexa....... | o1] O21} 02 0 


tion biologically. The immediate motivation of a sui- 
cidal death is surely internal. A searching biological 
analysis of the phenomenon of suicide has yet to be made, 
but certain of its biological relations are clear enough. 
In the broadest terms people commit suicide because 
their higher cerebral mechanism breaks down under the 
stresses of the world in which they live, and fails to con- 
tinue its normal functioning. One of the decpest rooted 
instincts of the individual among all living things, from 
lowest to highest, is the instinct for the preservation of 
the individual life. The only instinct which transcends 
it, and that only in comparatively few cases in lower ani- 
mals, is the instinet of reproduction. But the phenom- 
18 In part. 


19 See footnote Table I. 
20 Less than 0.1 per 100,000. 
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enon of suicide in man marks the complete and total in- 
hibition of this instinct of self-preservation. Suicide is 
always an act in some degree mentally deliberated before 
its performance. A constitutionally and hygienically 
sound mentality weathers the environmental storm which 
suggests suicide. On the basis of this reasoning suicide 
death rate is put in Table VIL. 

Item 56, ‘‘ Aleoholism,’’ is included here because funda- 
mentally deaths so returned would seem to be more truly 
chargeable against the central nervous system than to 
any other organ system. This opinion is founded on such 
results as those of Barrington and Pearson,”! who con- 
clude, after a careful analysis of data regarding extreme 
and chronic inebriates, that ‘‘there appears for constant 
age little relation between alcoholism and physical fit- 
ness,’’ while between mental defect (and poor education) 
and alcoholism there is a sensible relation. ‘‘We con- 
sider it probable ... that the alcoholism is not due to the 
poor education, nor is it to any marked extent productive 
of the mental defect, but the want of will-power and self- 
control associated with the mental defectiveness is itself 
the antecedent of the poor education and of the alco- 
holism.’’ 

The other cause of death needing special comment here 
is leprosy. I am informed by my friend, Dr. G. H. de 
Paula Souza, who has had unusual opportunities to know 
leprosy in all its clinical manifestations, that when this 
disease becomes fatal it is the nervous system which dis- 
integrates and leads to death. 

The first five items in Table 8 are affections of the skin 
about which there can be no doubt respecting the cor- 
rectness of their inclusion here. The last four items, 
smallpox, anthrax, mycoses and glanders are all diseases 
with very low death rates at the present time. Biolog- 
ically, they represent diseases which either gain entrance 
through the skin, or in which the principal lesions are of 


21 Barrington, A., and Pearson, K., ‘‘A Preliminary Study of Extreme 
Alcoholism in Adults,’’ Eugenics Lab. Mem., XIV, 1910. 
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TABLE VIII 


THE SKIN 


Registration Area, England Sao 
No. * Cause of Death” as per International U. 8. A. and Paulo 
Classification Wales 1917 
1906-10 | 1901-05 1914 
18 4.2 4.5 3.1 1.3 
44 Cancer of the skin . eeu 2.7 2.3 2.6 1.5 
144 Acute abscess...... 1.4 2:1 0.7 
145 Other diseases of the skin. Lae 1.0 1.0 3.4 2.4 


the skin. It therefore appears that on the present 
scheme of classification they may best be put here. 
There is no doubt whatever that the three diseases of 
Table IX belong biologically with the endocrinal system. 
In the foregoing tables have been included all statis- 
tically recognized causes of death which it is now possible 
to classify on an organological basis, and which have a 


TABLE IX 


ENDOCRINAL SYSTEM 


| Registration Area, | 


No “Cause of Death” as per International U.S.A. and 

x Classification | Wales 1917 
1906-10 | 1901-05 1914 . 

51 ophthalmic Dell OF | 0.4 

52 Addison’s disease. . . ee 0.4 0.5 | 0.6 0.7 
88 | of the thyroid body | 04 | 0.3 0.8 0 


significant death rate. The residue comprises in gen- 
eral three categories (a) accidental and homicidal deaths ; 
(b) senility; and (c) deaths from a variety of causes 
which are statistically lumped together and can not be 
disentangled. Accidental and homicidal deaths find no 
place in a biological classification of mortality. A man 
organically sound in every respect may be instantly 
killed by being struck by a railroad train or an automo- 
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bile. The best possible case that could be made out for 
a biological factor in such deaths would be that contribu- 
tory carelessness or negligence, which is a factor in some 
portion of accidental deaths, bespeaks a small but definite 
organic mental inferiority or weakness, and that, there- 
fore, accidental deaths should be charged against the nerv- 
ous system. This, however, is obviously not sound. For 
in the first place in many accidents there is no factor of 
contributory negligence in fact, and in the second place in 
those cases where such negligence can fairly be alleged 
its degree or significance is undeterminable and in many 
cases surely slight. 

Senility as a cause of death is not further classifiable 
on an organological basis. A death really due to old age, 
in the sense of Metehnikoff, represents, from the point of 
view of the present discussion, a breaking down or wear- 
ing out of all the organ systems of the body contem- 
poraneously. In a strict sense this probably never, or at 
best extremely rarely, happens. But physicians and reg- 
istrars of mortality still return a certain number of 
deaths as due to ‘‘senility.’’ Under the circumstances it 
is not possible to go behind such returns biologically. 


TABLE X 


ALL OTHER CAUSES 


Registration Area, | 
No. “Cause of Death” as per International U. S.A. 
19C6-10 | 1901-05 1914 
All external causes (except suicide).... 91.9 87.8 26.1 36.4 
187, 
188 & 
189 | Ill-defined diseases.................. 29.4 47.8 | Ga 6.3 
154 Senility. . 29.0 41.0 | 81.5 | 1 
45 Cancer of other organs or of organs not | 
specified. . 12.9 16.1 | 16.6 17.9 
15222 Other causes peculiar to early infancy 3.4 2.6 | a2 
34 | Tuberculosis of other organs. . : 28 | 2.0 | 1.6 0.2 
46 Other tumors (female genital ‘organs | | 
excepted) . 1.0 15) 0.9 
55 Other general diseases. 1.0 0.5 | 1.5 3.5 
153 Lack of care. 0.3 12.3 | 0.6 0 
19 Other epidemic diseases . 0.3 0.2 | 0.6 0.2 


22 iia than 0.1 per ; 100, 000. 
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The second line of Table X, ‘‘Ill-defined diseases,’’ 
furnishes a striking commentary on the relative efficiency 
of the medical profession in the United States and Eng- 
land in respect of the reporting of the causes of death. 
Only about one fourth as many deaths appear in the Eng- 
lish vital statistics as due to ill-defined and unknown 
causes as in the United States figures. Happily, the con- 
ditions in this regard are constantly improving in the 
Registration Area of the United States, due to the well- 
conceived and untiring efforts of the officials in charge of 
vital statistics in the Bureau of the Census. They de- 
serve the warmest gratitude of every American vital 
statistician for the improvements in registration they 
have brought about. 


IV 


Having now arranged, so far as possible, all statis- 
tically recognized causes of death in a biological classifi- 
cation, we may turn to an examination of the results 
which such an arrangement shows. In Table XI the 
totals of Tables I to LX, inclusive, are arranged in de- 
scending order of magnitude. The results are shown 
graphically in Fig. 1. 

TABLE XI 


SHOWING THE RELATIVE IMPORTANCE OF DIFFERENT ORGAN SYSTEMS IN 
HuMAN MortTaLity 


Death Rates per 100,000 


Group 


Registration Area, 
No Organ System | U.S.A England Sio 
and Paulo 


- 
| 

| 

| Wales 

| 1906-10 1901-05 1914 


II | Respiratory system.................| 395.7 | 460.5 | 420.2; 417.5 
VI | Alimentary tract and associated organs | 334.9 340.4 274.1 613.8 

I | Circulatory system, blood............| 209.8 | 196.8 208.6 254.8 
VII | Nervous system and sense organs..... 175.6 | 192.9 | 151.9 | 124.3 
IV | Kidneys and related excretory organs. .| 107.2 | 107.4 19.4 83.4 
III | Primary and secondary sex organs .... 88.1 77.4 95.4 | 103.2 
V | Skeletal and muscular system........ 12.6 | 13.7 18.2 6.8 
TX | Pndoormal system... 1.5 1.2 | 1.9 1.1 


Total death rate classifiable on a bio- 


| 
| 


1,335.5 1,403.6 1,201.7 1,612.8 


x All other causes of death............. | 171.3 | 211.9 | 141.4 109.8 
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of the body in human mortality. 


Diagram showing the relative importance of the different organ systems 
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From Table XI and the diagram a number of note- 
worthy points can be made out. 

1. In the United States, during the decade covered, 
more deaths resulted from the breakdown of the respira- 
tory system than from the failure of any other organ 
system of the body. The same thing is true of England 
and Wales. In Sao Paulo the alimentary tract takes first 
position, with the respiratory system a rather close 
second. The tremendous death rate in Sao Paulo charge- 
able to the alimentary tract is chiefly due, as Table VI 
clearly shows, to the relatively enormous number of 
deaths of infants under two from diarrhea and enteritis. 
Nothing approaching such a rate for this category as Sao 
Paulo shows is known in this country or England. 

2. In all three localities studied the respiratory system 
and the alimentary tract together account for rather more 
than half of all the deaths biologically classifiable. These 
are the two organ systems which, while physically inter- 
nal, come in contact directly at their surfaces with en- 
vironmental entities (water, food, and air) with all their 
bacterial contamination. The only other organ system 
directly exposed to the environment is the skin. The 
alimentary canal and the lungs are, of course, in effect 
invaginated surfaces of the body. The mucous mem- 
branes which line them are far less resistant to environ- 
mental stresses, both physical and chemical, than is the 
skin with its protecting layers of stratified epithelium. 

3. The organs concerned with the blood and its cireu- 
lation stand third in importance in the mortality list. 
Biologically the blood, through its immunological mechan- 
ism, constitutes the second line of defense which the body 
has against noxious invaders. The first line is the resist- 
ance of the outer cells of the skin and the lining epithe- 
lium of alimentary tract, lungs, and sexual and excretory 
organs. When invading organisms pass or break down 
these first two lines of defense the battle is then with the 
home guard, the cells of the organ system which, like the 
industrial workers of a commonwealth, keep the body 
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going as a whole functioning mechanism. Naturally it 
would be expected that the casualties would be far heavier 
in the first two defense lines (respiratory and alimentary 
systems, and blood and circulation) than in the home 
guard. Death rates when biologically classified bear out 
this expectation. 

4, It is at first thought somewhat surprising that the 
breakdown of the nervous system is responsible for more 
deaths than that of the excretory system. When one 
bears in mind, however, the relative complexity of the 
two pieces of machinery, it is perceived that the relative 
position of the two in responsibility for mortality is what 
might reasonably be expected. 

5. In the United States the kidneys and related excre- 
tory organs are responsible for more deaths than the sex 
organs. This relation is reversed in England and Wales 
and in Sao Paulo. A return to Table III shows that this 
difference is mainly due, in the case of England, to two 
factors, premature birth and cancer. In Sao Paulo it is 
due to premature birth and syphilis. The higher pre- 
mature birth rate for these two localities as compared 
with the United States might conceivably be explained in 
either of two ways. It might mean better obstetrics here 
than in the other localities, or it might mean that the 
women of this country as a class are somewhat superior 
physiologically in the matter of reproduction, when they 
do reproduce. The first suggestion seems definitely more 
improbable than the second. The higher apparent syph- 
ilis rate of Sao Paulo probably means nothing more than 
better reporting, a less prudish disinclination to report 
syphilis as a cause of death in Sao Paulo than in the other 
two countries. It is by no means beyond the bounds of 
possibility that if all deaths really due to syphilis and 
gonorrhea were actually reported as such, the rate for 
the sex organs would be decidedly higher than for the ex- 
cretory organs in all countries. 

6. The last three organ systems in the table, skeletal 
and muscular system, skin and endocrinal organs, are 
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responsible for so few deaths relatively as not to be of 
serious moment. 

7. In a broad sense the efforts of public health and 
hygiene have been directed against the affections com- 
prised in the first two items in the table, respiratory sys- 
tem and alimentary tract. The figures in the first two 
columns for the two five-year periods in the United States 
indicate roughly the rate of progress such measures are 
making, looking at the matter from a broad biological 
standpoint. In reference to the respiratory system there 
was a decline of 14 per cent. in the death rate between the 
two periods. ‘This is substantial. It is practically all 
accounted for in phthisis, lobar pneumonia and bron- 
chitis. For the alimentary tract the case is not so good 
—indeed, far worse. Between the two periods the death 
rate from this cause group fell only 1.8 per cent. Refer- 
ence to Table VI shows how all the gain made in typhoid 
fever was a great deal more than offset by diarrhea and 
enteritis (under two), congenital debility and cancer. 
Child welfare, both prenatal and postnatal, seems by long 
odds the most hopeful direction in which public health 
activities can expect at the present time substantially to 
reduce the general death rate. This is a matter funda- 
mentally of education. Ignorant and stupid people must 
be taught, gently if possible, forcibly if necessary, how 
to take care of a baby both before and after it is born. 
It seems at present unlikely that mundane law will regard 
feeding a two months old baby cucumber, or dispensing 
milk reeking with deadly poison makers, as activities 
accessory to first-degree murder. But we are moving in 
that direction under the enthusiastic and capable leader- 
ship of the Federal Children’s Bureau. .And there is 
this further comfort, that if that final Judgment Seat, 
before which so many believe we must all eventually ap- 
pear, dispenses that even-handed justice which in decency 
it must, many of our most prominent citizens who in the 
financial interests of themselves or their class block every 
move towards better sewage disposal, water and milk 
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supply and the like, or force pregnant women to slave 
over washtub or sewing bench that they may live, will 
find themselves irrevocably indicted for the wanton and 
wilful slaughter of innocent babies. 


V 


We come now to the final stage in this study. Having 
arranged so far as possible all causes of death on an 
organological base, it occurred to me to go one step fur- 
ther back and combine them under the headings of the 
primary germ layers from which the several organs de- 
veloped embryologically. To do this is a task of consid- 
erable difficulty. It raises intricate, and in some cases 
still unsettled, questions of embryology. Furthermore, 
the original statistical rubrics under which the data are 
compiled by registrars of vital statistics were never 
planned with such an object as this in mind. Still the 
thing seemed worth trying because of the evolutionary 
interest which would attach to the result, even though it 
were somewhat crude and in respect of minor and insig- 
nificant details open to captious criticism. 

In Tables XIT and XIII the death rates of Tables I to 
IX are subsumed under the three captions, ectoderm, 
mesoderm and endoderm, according as the organ con- 
cerned developed from one or the other of these germ 
layers. It will be necessary, however, before presenting 
the tables, to set forth in detail how the figures they con- 
tain were made up. 

A, Ectoderm.—Under this head were placed first, in 
making up Table XII, the totals of Table VII (the nerv- 
ous system and sense organs), and Table VIII (the skin). 
To the sum obtained by adding these totals together 
was added (a) item 39 (cancer of the buceal cavity) from 
Table VI, on the ground that the lining of the buccal 
cavity is ectodermal in origin; (Db) 0.30 of the rates under 
item 41 (cancer of the peritoneum, intestines and rectum). 
The point here was that the lining epithelium of the ree- 
tum is derived from ectoderm. The cancer rates for 
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these three embryologically different organs, rectum, in- 
testines and peritoneum are arbitrarily lumped together 
by the registrars of vital statistics. It is necessary for 
present purposes to unscramble the figures with as little 
arbitrariness as possible. Data (admittedly rather 
meager) given by Hoffman** (pp. 116-121) from the New 
York State investigation indicate that in a lumped total 
of cancer of the peritoneum, intestines and rectum, the 
fractions incident upon each of the organs are about 0.04 
for peritoneum, 0.30 for rectum, and 0.66 for intestines. 
As these figures are much less arbitrary than a mere 
guess, I have adopted them. It should be remembered 
that in the final result it makes little difference what 
fraction is adopted, because the total rate under item 41 
is so small. A remarkable thing which comes out when 
the lumped figures for cancer of peritoneum, intestines 
and rectum are subdivided in the above-named propor- 
tions, is the similarity, amounting practically to identity, 
in the death rates in all four times and places studied, 
from cancer of the buccal cavity and cancer of the rectum. 
The figures are as follows: 


U.S.A. 


| England | 
1906-10 | 1901-05 | 924 Wales | 
Cancer of buccal cavity............. 2.6 2.1 66 | 1.38 
Cancer of rectum (ealeulated)....... 2.6 | 2.1 6.4 1:2 


This identity can hardly be accidental, since it occurs 
in all three different localities with quite different cancer 
rates in each. It indicates that the fundamental embryo- 
logical likeness between buccal cavity and rectum is ac- 
curately reflected in their neoplastic pathology, provided 
it can be safely assumed the portion of the rectum in 
which cancers preponderantly occur is ectodermic. This 
appears to be the fact. (c) Item 86 (diseases of the 
nasal fosse) is added, because the lining membrane of the 
nose is ectodermal in origin. 


23 Hoffman, F. L., ‘‘The Mortality from Cancer throughout the World,’’ 
Newark, 1915. 
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B. Mesoderm.—Here the figures of Table XII were 
reached by the following process. First, the totals of 
Table I (circulatory system), Table III (sex organs), 
and Table IV (kidneys), were added together, these 
being obviously in general mesodermic. From the total 
so obtained was subtracted item 124 of Table IV (dis- 
eases of the bladder) since the lining epithelium, the most 
vulnerable part pathologically, is endodermic in origin. 
For the same reason item 125 of Table IV (diseases of 
the urethra) was next subtracted. To the result so ob- 
tained was added (a) the total of Table V (skeletal sys- 
tem) and item 52 (Addison’s disease) from Table IX, 
these representing organs mesodermic in origin; (b) 
0.04 of the rate under item 41 of Table VI (cancer of 
peritoneum) ; (c) item 117 (simple peritonitis) ; (d) item 
93 (pleurisy). The pleura and peritoneum are meso- 
dermic structures and therefore clearly belong here. The 
final totals reached after the above described process are 
those which appear under ‘‘Mesoderm”’ in Table XII. 

Up to this point in the argument it has been assumed, 
without discussion, that all the items in Table VII (the 
nervous system and sense organs) go with the ectoderm. 
There is, however, another point of view possible here, 
which may be stated in the following way. Cerebral 
hemorrhage and apoplexy (item 64) and softening of 
the brain (item 65) are brain conditions brought about 
by a precedent functional breakdown of a part of the 
vascular system, namely the terminal arteries of the 
brain. Cerebral hemorrhage is due to the rupture of an 
artery or arteries in the brain, and may in and of itself 
be a sufficient cause of death, just as would be a hemor- 
rhage due to rupture of an artery in any other part of 
the body. So far as anything now known can tell us, this 
fatal accident is as likely as not to occur in a brain of 
which the nerve cells (of ectodermic origin) are perfectly 
sound organically. Should such a death be charged 
against the ectoderm? The case is at least open to 
question. 
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It might at first-be supposed that the same argument 
would justify the placing of cerebral hemorrhage with 
the circulatory system in the primary organological 
classification, but this does not seem to be warranted. 
From an organological point of view the brain must be 
considered as a whole organ, the machinery of its vascu- 
lar supply being included as well as its proper nervous 
components. So in this respect cerebral hemorrhage 
properly belongs where it is placed in Table VII, with 
the nervous system. 

But the case is different from the embryological view- 
point. Suppose it be granted for the moment that there 
are specific differences between tissues originating from 
the different germ layers in respect of their likelihood 
to break down functionally under strain. Then clearly the 
tendeney to any such specificity would be obscured if we 
charged to ectoderm the breakdown of any organ pri- 
marily originating from that germ layer, but where in 
fact the initial cause of the functional stopping of the 
proper ectodermic tissue was the prior breakdown of a 
part of the organ which was mesodermic in origin. This 
is precisely the condition of affairs relative to the 
pathology of cerebral hemorrhage. 

Again, softening of the brain is really a necrosis of 
brain tissue resulting from a cutting off of its nourish- 
ment by stoppage of the circulation, which in turn may 
be due to arthritis, thrombosis, embolism or pressure. 
The same reasoning applies here as in the ease of cere- 
bral hemorrhage. 

In so complicated a matter as the distribution of causes 
of death to their embryological base probably the most 
that can ever be hoped for, having regard to the enor- 
mous complications of structural development, is to get 
limiting values, within the range comprehended by which, 
the true fact may be reasonably supposed to lie. To this 
end Table XIII has been constructed. It with Table XII 
gives lower and upper limiting values for death rates 
chargeable to ectoderm and mesoderm. Table XIII is 
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made up in the same way as Table XII except that in the 
former items 64 and 65 are transferred from ectoderm to 
mesoderm. So far as I have been able to think the mat- 
ter through it does not appear that the same complica- 
tion may fairly be considered to arise in connection with 
the embryological assignment of any other ‘‘cause of 


death.’’ 
TABLE XII 


SHOWING THE RELATIVE INFLUENCE OF THE PRIMARY GERM LAYERS IN 
HuMAN 


(Items 64 and 65 charged to ectoderm) 


Death Rate per 100,000 Due to Functional Breakdown of 
Organs Embryologically Developing from 


Locality 
; Ectoderm % Mesoderm % | Endoderm % 
U.S. Registration Area, 
105 191.1 14.3 425.2 31.8 | 719.6 | 53.9 
U.S. Registration: Area, 
England and Wales, 1914 .... 177.1 14.4 374.0 30.3 | 681.5 | 55.3 
Sao Palo: 134.9 8.4 468.0 29.0 1,009.9 


C. Endoderm.—The process of getting the figures here 
was to add together first the totals of Tables II and VI 
(respiratory system and alimentary tract) the organs 
represented being mainly endodermal in origin. Then 
there were subtracted from this total the following: (a) 
items 39 (cancer of the buceal cavity) and 0.34 of item 41 
(cancer of the peritoneum, intestines, and rectum), leav- 
ing 0.66 of this latter item here for cancer of intestines; 
(b) items 117 (simple peritonitis) and 93 (pleurisy) ; (c) 
item 86 (diseases of the nasal fosse). All of these items 
subtracted have been already placed with either ectoderm 
or mesoderm. Finally, there were added items 124 and 
125 (diseases of the bladder and of the urethra) which 
were taken from the mesoderm for reasons already stated 
under that heading. Also there were added items 51 and 
88 from Table IX (exophthalmic goiter and diseases of 
the thyroid body), because the thyroid arises from the 
epithelium lining the inner branchial furrows. The re- 
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sult finally obtained by the process described is that 
which appears in Tables XII and XIII under ‘‘endoderm.’’ 


TABLE XIII 


SHOWING THE RELATIVE INFLUENCE OF THE PRIMARY GERM LAYERS IN 
HuMAN MortTa.ity 


(Items 64 and 65 charged to mesoderm) 


Death Rate per 1(0,0C0 Due to Functional Breakdown of 
Organs Embryologically Developing from 


Locality 
Ectoderm % Mesoderm | % Endoderm % 

U.S. Registration Area, 

116.9 8.7 499.4 | 37.4 719.6 | 53.9 
U.S. Registration Area, | 

137.3 9.8 480.4 | 34.2 786.2 | 56.0 
England and Wales, 1914 .... 107.9 8.7 443.2 | 36.0 681.5 | 55.3 
Bao Pawo. 101.3 6.3 501.6 31.1 1,009.9 62.6 


The data of Tables XII and XIII are shown graph- 
ically in percentage form in Fig. 2. 

The final results shown in Tables XII and XIII lead at 
once to a generalization of considerable interest and sig- 
nificance to the evolutionist. The figures show that in 
man, the highest product of organic evolution, about 57 
per cent. of all the biologically classifiable deaths result 
from a breakdown and failure further to function of 
organs arising from the endoderm in their embryological 
development, while but from 8 per cent. to 13 per cent. 
can be regarded as a result of breakdown of organ sys- 
tems arising from the ectoderm. The remaining 30 to 35 
per cent. of the mortality results from failure of meso- 
dermic organs. Taking a general view of comparative 
anatomy and embryology it is evident that in the evolu- 
tionary history through which man and the higher verte- 
brates have passed it is the ectoderm which has been 
most widely differentiated from its primitive condition, 
to the validity of which statement the central nervous 
system furnishes the most potent evidence. The endo- 
derm has been least differentiated in the process of evolu- 
tion, while the mesoderm occupies an intermediate posi- 
tion in this respect. An elaborate array of evidence 
might be presented on these points, but to do so would be 
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supererogation. It would amount simply to repeating 
any standard treatise on the comparative anatomy of the 
vertebrates, a branch of biological literature which one 


43, 
MHS KA 


US. REGISTRATION AREA 1906-10 


ENGLAND WALES /9/4- 


SAO PAULO 


ENDODERM MESODERM ECTODERM 


Fic. 2. Diagram showing the percentages of biologically classifiable human 
mortality resulting from breakdown of organs developing from the different 
germ layers. Upper bar of pair gives upper limit of mortality chargeable to 
ectoderm: lower bar gives lower limit of mortality chargeable to ectoderm. 


may fairly assume that the readers of this paper are 
acquainted with, at least in general terms. 

Degree of differentiation of organs in evolution implies 
degree of adaptation to environment. The writings of 
Darwin and Spencer, and in current times of Henry 
Fairfield Osborn, have demonstrated this point beyond 
question. From the present point of view we see that 
that germ layer, the endoderm, which has evolved or 
become differentiated least in the process of evolution is 


53.9 y 
35.3 
62.6 844. | 
62.6 
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least able to meet -successfully the vicissitudes of the 
environment. The ectoderm has changed most in the 
course of evolution. The process of differentiation which 
has produced the central nervous system of man had as a 
concomitant the differentiation of a protective mechan- 
ism, the skull and vertebral column, which very well keeps 
the delicate and highly organized central nervous system 
away from direct contact with the environment. The 
skin exhibits many differentiations of a highly adaptive 
nature to resist environmental difficulties. It is then not 
surprising that the organ systems developed from the 
ectoderm break down and lead to death less frequently 
than any other. 

The figures of Tables XIT and XIII make it clear that 
man’s greatest enemy is his own endoderm. Evolution- 
ally speaking, it is a very old-fashioned and out-of-date 
ancestral relic, which causes him an infinity of trouble. 
Practically, all public health activities are directed 
towards overcoming the difficulties which arise because 
man carries about this antediluvian sort of endoderm. 
We endeavor to modify the environment, and soften its 
asperities down to the point where our own inefficient 
endodermal mechanism ,can cope with them, by such 
methods as preventing bacterial contamination of water, 
food and the like, warming the air we breathe, ete. But 
our ectoderm requires no such extensive amelioration of 
the environment. There are at most only a very few if 
any germs which can gain entrance to the body through 
the normal, healthy, unbroken skin. We do, to be sure, 
wear clothes. But it is at least a debatable question 
whether upon many parts of the earth’s surface we 
should not be better off without them from the point of 
view of health. 

These tables indicate further in another manner how 
important are the fundamental embryological factors in 
determining the mortality of man. Of the three localities 
compared, England and the United States may fairly be 
regarded as much more advanced in matters of public 
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health and sanitation than Sao Paulo. This fact is re- 
flected with perfect precision and justice in the relative 
proportion of the death rates from endoderm and ecto- 
derm. In the United States and England about 55 per 
cent. of the classifiable deaths are chargeable to endo- 
derm and about 9 to 14.5 per cent. to ectoderm. In Sao 
Paulo 62.6 per cent. fall with the endoderm, and but 6.3 
to 8.4 per cent. with the ectoderm. Since, as we have 
already shown, public health measures can and do affect 
practically only the death rate chargeable to endoderm 
this result which is actually obtained is precisely that 
which would be expected. 

Finally, it seems to me that the results of this study 
add one more link to the already strong chain of evidence 
which indicates the highly important part played by in- 
nate constitutional biological factors as contrasted with 
environmental factors in the determination of the ob- 
served rates of human mortality. Here we have grouped 
human mortality into broad classes which rest upon a 
strictly biological basis. When this is done it is found 
that the proportionate subdivision of the mortality is 
strikingly similar in such widely dissimilar environments 
as the United States, England and Southern Brazil. It 
is inconceivable that such congruent results would ap- 
pear if the environment were the predominant factor in 
human mortality. ‘This conclusion does not overlook the 
fact that in some diseases the environment, in a broad 
sense, is unquestionably the factor of greatest impor- 
tance. Nor does it imply that every effort should not be 
used to measure in every case the precise relative influ- 
ence of constitution or heredity as compared with en- 
vironment in the natural histery of particular diseases. 
This constitutes one of the most pressing and difficult 
problems of medical science. 


VI 


By way of summary it may be said that the purpose of 
this paper is to rearrange the rates of human mortality 
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as given in official reports of vital statistics, under the 
code known as the International Classification, into 
another classification upon a biological basis. The basis 
taken is organological, each ‘‘cause of death’’ is charged 
against that organ or organ system, the functional break- 
down of which is fundamentally responsible for the death. 
It is found that from 85 to 90 per cent. of all statistically 
recognized causes of death can be subsumed under such a 
biological classification. It is found when this is done 
that the order of significance of the different organ sys- 
tems in responsibility for human mortality is in general 
that of the following list, the arrangement being in de- 
scending order: 

. Respiratory system. 

. Alimentary tract and associated organs. 

. Cireulatory system and blood. 

Nervous system and sense organs. 

. Kidneys and related excretory organs. 
Primary and secondary sex organs. 

. Skeletal and muscular system. 

. Skin. 

. Endocrinal system. 

The cmmnnoed differs slightly for different coun- 
tries. If the further step is taken of referring the dif- 
ferent organs and organ systems to the primary germ 
layers from which they embryologically developed, it is 
found that the death rates chargeable to organs of (a) 
ectodermic, (b) mesodermic and (c) endodermic origin 
stand to each other somewhere between the ratios of 1 to 
2.3 to 4.4 and 1 to 4.4 to 7. The evolutionary and public 
health significance of these results is discussed at some 
length. 


ON THE REACTION OF TISSUES TOWARDS 
SYNGENESIO-HOMOIO— AND HETEROTOXINS, 
AND ON THE POWER OF TISSUES TO 
DISCERN BETWEEN DIFFERENT 
DEGREES OF FAMILY 
RELATIONSHIP 


PROFESSOR LEO LOEB 


(From the Department of Comparative Pathology, Washington Uni- 
versity School of Medicine, St. Louis, Mo.) 


In a series of papers our collaborators and ourselves 
have analyzed the action of tissues upon each other after 
transplantation carried out under varied conditions. 
We wish now to suggest certain general conclusions of 
wider significance which may be drawn from the facts 
which have been previously published by us or which 
will be published in the near future. No attempt will be 
made here to review the facts on which our conclusions 
are based and we must refer instead to our papers.’ 

In 1907 we first noticed that lymphocytes may appear 
around or in transplanted tissue. Subsequently we ob- 
served this occurrence in various tissues after transplan- 
tation. We thought it possible that the action of lymph- 
ocytes depended upon the relationship between host and 
transplant. This was confirmed by our’ experiments. 

1Leo Loeb, Archiv. f. Entwickelungsmech., 1897, VI, 1; 1907, XXIV, 
638; 1911, XXXTI, 456; 1898, VI, 297. 

‘Leo Loeb and W. H. F. Addison, Archiv. f. Entwickelungsmech., 1909, 
XXII, 73; 1911, XXXI, 44. 

Llewellyn Sale, Ibid., 1913, XX XVII, 248. 

M. G. Seelig, Ibid., 1913, XXXVIT, 259. 

Max W. Myer, Ibid., 1913, XXXVIII, 1. 

Cora Hesselberg, Journ. Exp. Med., 1915, XXI, 164. 

Cora Hesselberg, William Kerwin and Leo Loeb, J. Med. Research, 1918, 
XXXVIII, 17. 

Leo Loeb, Journ. Am. Med. Asso., 1915, LXIV, 726. 


Leo Loeb, Journ. Med. Research, 1918, XX XVIII, 393; 1918, XX XIX, 
189; 1918, XXXIX, 39; 1918, XX XIX, 71; 1918, XXXII, 353. 
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We found, however, that not only the lymphocytes, but 
also the blood and lymph vessels and fibroblasts behaved 
in a specific manner in accordance with the relationship 
between host and graft. 

We assume that all the tissues of an individual have in 
common a certain chemical group which may be desig- 
nated as individuality-differential. After transplanting 
a piece of an organ into a near relative of the donor of 
the tissue (syngenesiotransplantation), or into an unre- 
lated individual of the same species (homoiotransplanta- 
tion), or into an individual belonging to a different 
species (heterotransplantation), the individuality-differ- 
ential is no longer adapted to its environment and acts as 
a syngenesio-, homoio-, heterodifferential, respectively. 
In this inadequate environment the individuality-difter- 
ential assumes injurious properties, either directly or 
after interaction with the body fluids, some protein con- 
stituent of which contains likewise the individuality- 
differential or rather a group specifically combining with 
the individuality differential. It is probable that the 
second alternative represents the usual way in which the 
individuality-differential becomes a syngenesio-, homoio-, 
heterotoxin. 

In certain cases the toxic character of the substance 
which originates after homoiotransplantation is strong 
enough to exert a direct injurious action on certain trans- 
plantation is strong enough to exert a direct injurious 
action on certain transplanted tissues, for instance, myx- 
oid connective tissue and unstriated muscle. It can also 
directly interfere with those metabolic processes which 
lead to the production of epithelial pigment. In other 
cases, however, the toxic substances, while strong enough 
to modify the metabolism of the tissues, do not endanger 
the life of the transplant. This oceurs after transplanta- 
tion of glandular structures like kidney or thyroid or 
epithelial structures in general. But secondarily this 
change in the metabolism of the transplanted tissue alters 
the reaction of the host cells towards the graft. The 
lymphocytes are attracted, the vascular supply is dimin- 
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ished; fibroblasts are given freer access to the trans- 
plant, and moreover, the fibroblasts undergo secondary 
changes; they form fibrous tissue, while after autotrans- 
plantation the cytoplasm usually remains to a much 
greater extent intact without undergoing the secondary 
changes in contact with the grafted cells. 

These toxie substances not only interfere with those 
proliferative processes which are of a regenerative char- 
acter in the more restricted sense, but also with others 
caused by growth substances; thus they interfere with 
the production of experimental deciduomata in the 
uterus or with compensatory hypertrophy of the thyroid 
after homoiotransplantation, without however neces- 
sarily preventing these growth processes entirely. Ulti- 
mately they endanger the life of the exposed tissues, 
usually indirectly through the action of the lymphocytes 
and connective tissue cells, more rarely directly. 

Furthermore the syngenesio-, homoio- and hetero-dif- 
ferentials may act secondarily as antigens directly or 
after interaction with the body fluids and then eall forth 
the production of immune substances. Such immune sub- 
stances however in most cases become demonstrable only 
if the strangeness of the antigen used has been very 
marked; this is for instance the ease if a hetero-differen- 
tial serves as an antigen (Schoene, M. 8. Fleisher). <A 
homoio-differential is only in some eases able to become 
an antigen. Under certain conditions homoio-haemoly- 
sins can appear (Ehrlich and Morgenroth) or haemag- 
glutinins (von Dungern and Hirschfeld) and further- 
more homoio-immune substances can be produced against 
growing tumors and embryonal tissues (Fichera, Peyton 
Rous). In the case of tumor immunity lymphoevtes play 
a very prominent part. This has been noted by a num- 
ber of investigators. More recently the significance of 
lyrvhocytes in immunity has been demonstrated in 
varied experiments especially by J. B. Murphy and his 
collaborators. However, as we shall see presently, the 
direct reaction of tissues (including lymphocytes) against 
syngenesio-, homoio- and heterotoxins is a finer bio- 
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chemical reaction than any reaction known so far and 
more delicate than the immune reactions. 

These substances which function as individuality-dif- 
ferentials are produced in the active metabolism of cells; 
they can be demonstrated through their reaction after 
transplantation of metabolically active tissue, but not 
after transplantation of erythrocytes contained in a 
blood clot. The syngenesiotoxins are least toxic. Usually 
they call forth a lymphocytic reaction only slowly; but 
ultimately the lymphocytes appear even here and invade 
and destroy the strange tissue. At a time when the 
vascular and fibroblastic reactions should occur, the 
toxins may as yet be so weak that these two kinds of 
tissues may behave normally. In other cases, however, 
even the syngenesiotoxins may be strong enough to call 
forth an altered reaction of vessels and fibroblasts; the 
vessels may fail to be present in a large number by the 
graft and the fibroblasts may produce more fibrous 
tissue. This occurs typically in response to homoio- 
toxins; furthermore, in the presence of homoiotoxins 
lymphocytes appear early and in large masses. They, as 
well as the: fibroblasts, may invade and destroy the 
strange tissue. In the case of the heterotoxins the direct 
injurious effect of the body fluids is much more pro- 
nounced, and in a general way this effect is the greater, 
the more distant the relationship between host and graft, 
but in this case also the cellular reactions of the host may 
secondarily contribute to the destruction of the strange 
tissues. The fibroblasts of the host have a tendency to 
form dense fibrous tissue around the graft and the blood 
and lymph vessels are usually extremely sparse in the 
direct neighborhood and in the interior of a heterograft; 
apparently the strange cells do not exert an attracting or 
stimulating influence on the growth of capillaries. While 
thus in these two respects the heterotoxins produce an 
effect which might have been foreseen from a study of 
homoiotoxins, the behavior of the lymphocytes seems to 
be different from what might have been expected. In- 
stead of being attacked by lymphocytes even more actively 
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than the homoio-tissues, the lymphocytic reaction is on 
the contrary decidedly weaker in the case of tissues of 
other species. Lymphocytes do not usually invade and 
destroy the tissue of a foreign species, although they may 
collect in a considerable number in the neighborhood of 
the graft and may occasionally invade it here and there 
in small areas and destroy these. They may appear in 
large quantities after the graft has been destroyed. This 
relative inactivity of the lymphocytes is surprising, if we 
consider the much greater strangeness between graft and 
host which results from heterotransplantation. But it 
may be just on account of the great strength of the hetero- 
toxins that the reaction is weakened. We have seen above 
that the development of the specifically attracting sub- 
stances depends upon the active metabolism of the graft 
as evidenced by the failure of the erythrocytes to at- 
tract the lymphocytes. In the case of heterotransplan- 
tation the action of the toxins may be so strong that it 
interferes with these specific metabolic activities of the 
transplanted cells, and thus the reaction would naturally 
become weaker. It may also be that the scarcity of ves- 
sels around and in the graft may contribute to this result, 
these vessels acting as the channels through which the 
lymphoeytes reach fhe graft. But that this factor can 
not be the only reason is clear from a study of certain 
areas of the transplant occasionally found in which the 
blood vessel supply may be somewhat better, but in 
which, nevertheless, the lymphocytic infiltration of the 
graft is absent or slight. 

There is then a graded reaction of various tissues of 
the host towards transplants. At one end of the series 
we find the autotransplants; these are followed by the 
various kinds of syngenesio-, by homoio- and hetero- 
transplants. Autotransplants call forth a marked vas- 
cular reaction. This reaction decreases in the direction 
towards heterotoxins; it is already very weak in most 
cases of homoiotoxins. The fibroblasts remain relatively 
well preserved, form least fibrillar material and tend to 
the production of myxoid tissue under the influence of 
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those conditions which prevail in the case of autotrans- 
plantation. Here they are prevented at most places from 
breaking into the glandular structures; in the presence 
of homoio- and hetero- and even of syngenesio-toxins they 
tend in a higher degree towards the production of fibrille. 
Lymphocytes are attracted by syngenesiotoxins and still 
more by homoiotoxins; here a maximum is reached. A 
decrease occurs again in the region of the heterotoxins. 
The number of fibroblasts invading the glandular trans- 
plant is likewise greatest in the case of homoiotransplan- 
tation. Again a decrease seems to occur in the case of 
heterotransplants. 

We may express these facts also in a somewhat differ- 
ent way. Under conditions of autotransplantation the 
tissues give off substances which correspond to the iden- 
tity of the individuality-differentials in the host and 
graft. These substances, which may be designated as 
‘‘auto-substances,’’ stimulate directly or indirectly the 
vascular supply of the tissues belonging to the same indi- 
vidual. And they also exert directly or indirectly a defi- 
nite effect upon the fibroblasts, keeping them active and 
preventing them from undergoing those processes which 
probably represent a decline in normal metabolism and 
which lead to the production of fibrous tissue at the ex- 
pense of the healthy active cytoplasm. In the absence 
of these auto-substances, the vascular supply is lessened 
in direct proportion to the greater distance of the rela- 
tionship between host and graft. To a certain extent 
syngenesiotoxins still take the place of the auto-sub- 
stances characteristic of the interaction between the own 
tissues and body fluids. Some syngenesiotoxins however 
can do so only to a very slight extent; homoiotoxins are 
still less able to take the place of auto-substances and 
least of all heterotoxins. In the case of homoio- and 
heterodifferentials the stimulating effect of the ‘‘auto 
substances’’ is lacking; they behave in certain respects 
like foreign bodies. 

On the other hand the autosubstances — no attracting 
influence on the lymphocytes, while the syngenesiotoxins 
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exert at first a very slight, but gradually cumulative, 
effect; the homoiotoxins exert the maximum effect; and 
then a decrease again takes place in the region of the 
heterodifferentials. 

It might be suggested that the same auto-substances 
play a part in the interaction between the normal tissues 
of an individual. It is quite evident that the effect of 
the autosubstances would be beneficial to the tissues and 
contribute to their nourishment. Thus the body would 
‘possess a system of very finely acting chemical auto- 
regulators which keep the vascular supply at the point of 
greatest intensity and prevent the fibroblasts from form- 
ing dense fibrous tissue which again would interfere with 
the nourishment of the tissues and which insure such an 
interaction of tissues that the normal structure results. 
Strange tissues do not exhibit the effect of such auto- 
substances, even if such strange tissues should tempor- 
arily multiply mitotically, and therefore they perish in 
the end. 

On the other hand, autosubstances are indifferent, as 
far as the lymphocytes are concerned, while syngenesio- 
and homoio- and to some extent heterotoxins attract 
them. The lymphocytes as well as invading fibroblasts, 
are a destructive element and the effect of both is elimi- 
nated through the action of autosubstances ; again a bene- 
ficial adaptation. Hypothetically we might thus explain 
in part at least the changes of tissues in old age. The 
effect of the autosubstances would be strongest in young 
individuals and decrease in the less actively metabolizing 
older tissues; and here we find, therefore, changes which 
are characteristic of a decrease in the autosubstances, or 
rather of specific metabolic substances which have the 
‘‘auto’’ character and at the same time are characteristic 
of the specific organ activity. Therefore in old age the 
fibroblasts around the parenchyma from fibrous tissue 
and the vascular supply decreases. In the embryo we 
find least fibrous and most myxoid tissue and the best 
vascular supply. 
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Correspondingly we find least dense fibrous tissue 
around actively metabolizing parenchyma, while around 
the metabolically less active exeretory ducts there is 
usually a coat of much more dense fibrous tissue. Thus 
it might be tentatively suggested that a decrease in these 
autosubstanees, to the existence of which the results of 
tissue transplantation point, is at least partially respon- 
sible for the changes which take place in old age. Other 
factors of a different nature play certainly a part. Thus 
the corpus luteum stimulates the activity of the uterine 
connective tissue and epithelium. In later periods of 
life this stimulating influence is lacking. 

While the autosubstaneces increase directly or indi- 
rectly the vaseular supply, they very effectively limit the 
growth of fibroblasts in contact with epithelial elements. 
We have previously shown through transplantation ex- 
periments that during regeneration the epithelium limits 
the growth of the connective tissue.2 In a similar way 
perhaps the endothelium of the blood vessels limits the 
growth of the connective tissue. Our further experi- 
ments lead to the conclusion that this restraining influ- 
ence exerted by endothelium and epithelium upon con- 
nective tissue migration and proliferation is a specific 
effect. The auto-substances possess it in the highest de- 
gree. It is less marked in the case of syngenesio- and 
still less in the case of homoiotoxins. But even the 
hetero-substanees still exert a certain restraining influ- 
ence, at least temporarily on the connective tissue and 
they are thus in this respect more effective than foreign 
bodies. It is again clear that considering the tendency 
of fibroblasts and lymphocytes to migrate actively into 
parenchyma and to destroy it, the epithelial structures 
can be assured of preservation only, if the auto-sub- 
stances possess some kind of a restraining influence on 
the connective tissue. 

It is probable that not only in old age but also under 
certain pathological conditions, the activity of these auto- 


2Leo Loeb, Arch. f. Entwickelungsmech., 1898, VI, 297 (p. 319). 
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substances is interfered with, and that thus cirrhotic 
processes may be produced in various parenchymatous 
organs. ‘he usual assumption is that all these fibrous 
changes are the result of an actual destruction of the epi- 
thelium, that they are therefore due to regeneration in 
the more restricted sense of the term. It is probable that 
both these processes may occur in different cases. 

As we have shown, various tissues, but particularly the 
lymphocytes, are able to distinguish not only between 
tissues belonging to the same and other individuals of 
the same species, but even to recognize the difference in 
degree of relationship. They behave in a graded man- 
ner towards their own tissues, the tissues of a brother, 
mother, the tissues of a not related individual of the same 
species and the tissues of an individual of a different 
species. ‘These reactions must be in response to specific 
substances given off by these tissues, the autosubstances, 
the syngenesio-, homoio- and heterotoxins. Whether 
these substances are identical with the individuality- 
differentials residing in the tissues or whether they are 
due to an interaction between the individuality-differ- 
entials residing in the tissues and adapted substances in 
the body fluids can not be decided definitely at present; 
however, the latter assumption seems to be more prob- 
able. These responses represent to our knowledge the 
finest biochemical reactions which are known at the 
present time and surpass even the immune reactions 
which permit us to distinguish only between different 
species and in a few cases only between individuals of the 
same species.® 

These reactions we may hope will contribute to an 
understanding of the behavior and the functions of 
tissues in general as distinct from the specific functions 
of organs which under certain conditions are added to 

3 It is possible that a further development of the immunological. methods 
used by von Dungern and Hirschfeld and by Todd and White (Proc. Royal 


Soc., 1910, LX XXII, 416) will also lead to a differentiation in the relation- 
ship of individuals of the same species. 
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these more general tissue reactions, and thus they may 
contribute to a physiology of tissues as contrasted with 
the physiology of organs. Further experiments will 
have to determine, how far the effect of the parenchyma 
on the fibroblasts and blood vessels is a direct one and 
how far secondary interactions between fibroblasts and 
blood vessels enter into these reactions. 

These various substances (autosubstances, syngenesio-, 
homoio- heterodifferentials) have in addition to the func- 
tions which concern the effect of cells upon each other 
added functions of a specific nature. This is indicated by 
the existence of specifically adapted substances like the 
tissue coagulins which determine in a specifically adapted 
manner the coagulation of the blood of various species.‘ 


4Leo Loeb, Montreal Med. Journal, July, 1903; Virchow Archiv, 1904, 
CLXXVI, 10; Biochem. Zeitschrift, 1910, XXVIII, 169. 
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THE INDIVIDUALITY-DIFFERENTIAL AND ITS 
MODE OF INHERITANCE 


PROFESSOR LEO LOEB 


(From the Department of Comparative Pathology, Washington Uni- 
versity School of Medicine, St. Louis, Mo.). 


In a preceding communication we have shown that all 
the tissues of an individual have in common a chemical 
characteristic through which they differ from other indi- 
viduals of the same species. This characteristic may be 
designated as the individuality-differential. It is prob- 
able that in the circulating body fluids these individuality- 
differentials or substances specifically adapted to them 
are likewise present. The interaction of cells and sub- 
stances which possess the same individuality differential 
leads to the production of autosubstances which are re- 
sponsible for various conditions of tissues. But if, 
through transplantation, the individuality-differentials 
become converted into syngenesio-, homoio- or hetero- 
differentials toxic substances are produced, the syn- 
genesio-, homoio- or heterotoxins which lead to tissue 
reactions of different kinds as we have described in the 
preceding communication. 

In the process of fertilization usually two homoio-dif- 
ferentials combine to form a new individual. Through 
transplantation of tissue it is possible to determine 
whether the individuality-differential of the child is iden- 
tical with the individuality-differential of one of the two 
‘parents or whether its character is intermediate. If the 
inheritance of the individuality-differential should be- 
have like a simple Mendelian monohybrid’ character, all 
the offspring of the first generation would have the same 
individuality-differential and the individuality-differ- 
ential of one of the two parents would probably dominate. 
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Interchange of tissues between the children (brothers 
and sisters) should give results identical with those of 
autotransplantation, and transplantation of tissues from 
one of the two parents to a child should in all children 
give the same result, and the results should be those of 
either auto- or homoiotransplantation. Or, it might be 
possible that. in the offspring a blending of the individu- 
ality-differentials of both parents occurs. .It might fur- 
thermore be possible that in all children the same kind of 
blending occurred or that all intermediate degrees of 
blending of the differentials of father and mother be 
found. 

In using transplantation of tissue as a means of deter- 
mining which of these possibilities is realized, we have to 
take into account the difference in the situation of host 
and graft. Under the usual conditions of transplanta- 
tion the host is a selfsufficient organism and is not in any 
essential manner dependent for his nourishment upon 
the graft. The graft on the contrary depends upon the 
host for its nourishment. The relation between host and 
graft is therefore not that of simple reciprocity. This 
relation may be important in interpreting certain results 
of transplantation as we shall see later. 

We have carried out two series of experiments in which 
we analyzed the mode of inheritance of the individuality- 
differential, one in the rat! and a second one in the guinea 
pig.” In the former we transplanted simultaneously 
pieces from different organs into rats; in the second we 
used the thyroid gland for transplantation. We trans- 
planted tissues from parents to children, from children 
to mother and from brothers to brothers. Both series, 
in the rat and guinea pig, gave the same result as far as 
the main problem is concerned; the individuality-differ- 
entials of the children are intermediate between those of 
the two parents; but all kinds of intermediate conditions 

1Leo Loeb, Journ. Med, Research, 1918, XX XVIII, 393 (here the litera- 


ture is discussed). . 
2 Leo Loeb, Journ. Med. Research, 1918, XXXIX, 39. 
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are found varying between those approaching identity of 
individuality-differentials on the one extreme and 
homoio-differentials on the other. 

In the guinea pig we analyzed further the difference in 
the results after transplantation of tissues from brother 
to brother, from mother to child and from child to mother. 
We found transplantation from brother to brother to 
give the best results, but even here the mixing of the indi- 
viduality-differentials called forth the development of 
toxins, syngenesiotoxins, which usually were relatively 
mild, but in certain cases would be more severe. Trans- 
plantation from child to mother led to the production of 
toxie effects which were almost as marked as those pro- 
duced by the homoio-toxins. Transplantation of tissues 
from mother to child on the whole resembled that of 
transplantation from brother to brother, but seemed to 
be somewhat less favorable. In the rat there were like- 
wise indications that the transplantation from child to 
mother was more unfavorable than the others, but a de- 
cided difference between transplantations from mother 
to children and from brother to brother could so far not 
be established. However, the indicator of effects which 
we used in our guinea pig series was finer than that in 
our rat series. 

We have begun experiments to determine the behavior 
of individuality-differentials in the second generation. 
It seems that here too the results are intermediate, but 
further experiments need to be carried out, before a defi- 
nite statement can be made. 

In a provisional way we may attempt to explain these 
results as follows. In most cases each individual has at 
least two sets of individuality-differentials, one inherited 
from the father, the other from the mother. Each set 
again consists of two kinds of differentials. There may 
be added individuality-differentials from some further 
distant ancestors, but this complication may be ignored 
at present; in certain individuals the differentials of 
either father or mother are lacking. We may assume 
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that several or all of the chromosomes of the father are 
characterized by certain chemical groups which would be 
the same in the cells of the same individual, but would 
differ in the cells of different individuals. Each cell 
of the child obtains a combination of chromosomes which 
is the same in the same individual, but differs in the case 
of different brothers or sisters. ‘The chemical individ- 
uality-character of the chromosomes should lead to 
analogous chemical differences consisting perhaps in the 
formation of chemical sidechains attached to proteins; 
they should be present primarily in cell proteins and 
secondarily in the proteins of the body fluids. While the 
individuality-differentials in the tissues exist perhaps 
even'in the embryo, there are some indications that the 
adapted substances in the body fluids originate after 
birth. These side chains must be identical in all the pro- 
teins of the same individual and differ in the case of 
different individuals. We should then expect that the 
individuality-differentials of the children, being a mix- 
ture of those of the parents, however in proportions 
which differ in the case of different children, should be 
intermediate between those of the parents. Extremes in 
the children may be almost identical with one or the other 
parent. In transplanting tissue from one brother to 
another the graft would in most cases find in the host the 
same characteristic groups which its own cells possess, 
but in a somewhat different quantitative relationship. 
Therefore the life of the graft which finds all the char- 
acteristic substances could be sustained; but the quanti- 
tative differences which exist in most cases would grad- 
ually lead to toxic effects which ultimately endanger the 
life of the graft. In some cases, however, the host would 
lack altogether some of the chromosomes or groups 
present in the brother and then the result would be more 
unfavorable, somewhat approaching that of homoio- 
transplantation. 

In the case of transplantation from child to mother on 
the other hand the graft would lack one half the chromo- 
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somes and therefore the corresponding chemical groups 
present in the cells of the graft. 'The result should there- 
fore approach that of homoio-transplantation, which we 
indeed find to be the case. After transplantation from 
mother to child the graft finds in the host in many cases 
the chemical groups it possesses itself, but again the pro- 
portion of chemical groups in host and graft (corre- 
sponding to that of the chromosomes) differs here more 
than in the case of two brothers and these quantitative 
differences might lead to a greater incompatibility be- 
tween graft and host than in the case of transplantation 
from brother to brother. On this assumption we might 
furthermore expect that in certain rare cases even 
homoio-differentials should show a similar constitution 
and might therefore permit a successful transplantation 
into a not related individual. 

While the somatic tissues require for their normal 
life identity of individuality differentials with which they 
come into contact, the germ cells on the contrary are 
normally adapted to contact with homoio-differentials in 
the chromosomes and as T. H. Morgan® has shown in 
Ciona secondary mechanisms may even make auto fer- 
tilization impossible. 

In man, Landsteiner, Moss and others found a peculiar 
distribution of isoagglutinins into three or four groups, 
which are apparently independent of the parentage of 
the individuals concerned. Such a condition seems to be 
peculiar to man and has not been found in animals 
(Hecktoen).* In certain animals, however, von Dungern® 
and Hirschfeld succeeded through immunization to de- 
monstrate the existence of two kinds of isohemagglutin- 
ins and of the corresponding antigens and thus of four 
classes of individuals. As our transplantations show 
conditions in the tissues cannot be the same as in the red 
blood corpuscles, if we should judge the constitution of 

3T, H. Morgan, Biological Bulletin, 1905, VIII, 313. 


4L. Hecktoen, J. Infect. Diseases, 1907, IV, 297. 
5V. Dungern, Munch. Med. Wok., 1910, Vol. 57, p. 293, p. 740. 
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the latter on the basis of these agglutination tests. In 
the case of the tissues we have to assume the existence of 
individuality-difterentials which are composed of mul- 
tiple chemical groups; therefore Mendelian heredity 
would be that of multiple factors. It is not improbable 
that even in the case of tissues the number of these 
groups is limited and that all the individuals of the same 
species have a choice only between a relatively small 
number of groups which is characteristic of each species 
and that the different individuals of a species differ from 
each other through the combination of these groups which 
each individual possesses. Other chemical groups would 
be characteristic of species and in this ease also the num- 
ber of groups which constitute a species differential may 
be limited. 

The explanation for the facts of inheritance of the indi- 
viduality-differentials which we attempted in this note 
is regarded by us at present as of an entirely provisional 
character. So far, however, it seems to agree with the 
facts as they are known; but we have no doubt that as 
investigations progress still further it may require cer- 
tain, perhaps fargoing, modifications. It finds, however, 
support in the investigations of Landsteiner,® Pick and 
Obermeyer and others who have shown that the immune 
reaction-specificity of protein substances can be experi- 
mentally altered through changes in chemical side chains 
which are added to these proteins. 

6 Karl Landsteiner u. Hans Lampl, Biochem. Zeitsch., 1918, LXXXVIT, 342. 


LINKAGE IN RATS! 
HEMAN L. IBSEN 
KANSAS AGRICULTURAL COLLEGE 


At the present time there are at least five factor pairs 
or series known in rats. Some of these have been de- 
seribed only quite recently, and it may therefore be prof- 
itable to tabulate all of them and to mention some of their 
interactions. 

These genes are: 
. R, black-eyed; r, red-eyed. 
. P, black-eyed; p, pink-eyed. 
. S, self; Si, Irish; Si, hooded. 
. A, agouti; a, non-agouti. 
. C, intense pigmentation; C,, non-yellow; Ca, albinism. 
Color varieties homozygous for one or the other of the 
first two recessive genes mentioned above were described 
by Castle (1914). Both are yellow-coated. A PPrr ani- 
mal is yellow with eyes of a reddish tint, while animals of 
the composition ppRR or pprr are yellow with pink eyes. 
Pink-eyed vellows, therefore, may be of two kinds, those 
earrying R and those lacking it. Animals carrying both 
P and R are black-eyed and have black coats. Pink-eyed 
yellows, carrying R (ppRR), mated to red-eyed (PPrr) 
produce PpRr, black-eyed animals having black coats. 
Pink-eyed yellows lacking R, and therefore of the compo- 
sition pprr, when mated to red-eyed yellows (PPrr) give 
Pp rr, or red-eyed yellows. 

Castle and Wright (1915) and Castle (1916) present 
evidence that the genes above described are linked. When 
pink-eyed yellows (ppRR) were crossed with red-eyed 


Ore 


1 Papers from the Department of Genetics, Agricultural Experiment Sta- 
tion, University of Wisconsin, No. 21. Published with the approval of the 
Director of the Station. 
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yellows (PPrr), the p and R of the pink-eyed and the P 
and r of the red-eyed tended to be linked, the crossing 
over being about 17 or 18 per cent. 

More recently Castle (1916) has given evidence indi- 
eating that Irish pattern (Si), entirely pigmented except 
for a white patch on the belly, is allelomorphic to both self 
(S) and the hooded pattern (Si). Whiting and King 
(1918) have shown that the non-yellow condition (C;,) 
corresponds to that found in guinea-pigs and is similarly 
allelomorphic to both complete pigmentation (C) and 
albinism (C.). Dilute pigmentation (Cz) has not as yet 
been found in rats. Castle (1916) presents experimental 
proof that the allelomorphs of pink-eyed (p) and red- 
eyed (7), or P and R, are linked with albinism, Cc. This 
would put the three genes on the same chromosome. 
Castle’s data are too few for the exact degree of link- 
age to be determined from them. 

Up to the present no results have been published of a 
direct attempt to determine the possible linkage relations 
of self (S) and agouti (A) to each other or to the other 
three linked genes. Data bearing on this point will be 
presented in this paper. It will also be shown that so far 
as our evidence goes the genes R and Cu. are absolutely 
linked. 

The first crosses made were for the purpose of deter- 
mining the linkage relations of the red-eyed pair of allelo- 
morphs (R and r) with the self series (S, Si and Sh). 
Red-eyed selfs (rSPa) were crossed with black-eyed 
hooded (RS:Pa) and the resulting animals were there- 
fore self?-blacks (rS:RS:).2 These self-blacks were then 
bred back to the double recessives, red-eyed hooded 
(rrSiSi). The offspring from this mating are shown in 
Table I. From this it will be seen that red-eyed and self 
are entirely independent in heredity. 

2 With my animals every heterozygous self (SS,) had a white patch on 
the belly. 


3P and a may be disregarded since both parents were alike with respect 
to these genes. 
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TABLE I 
X 


Non-crossovers Crossovers 


Black-hooded, RS), + Self-yellow, 7S Self-black, RS Yellow-hooded, 7S), 


49 42 | 49 48 


Later the opportunity was offered for studying the 
relation of agouti (A) to the above two genes. A red- 
eyed self carrying agoutit (rSA) was mated to black-. 
eyed hooded blacks (RSia) and the resulting offspring, 
self agoutis (rSA-RSia), were bred back to the triple re- 
cessives, red-eyed hooded (rrSiSnaa). From this mating 
were obtained the animals shown in Table II. In this 
ease also there is no indication of linkage since all of the 
classes are of approximately the same size. 


TABLE II 
X 


> 
| 
aRs;, | arS | arS, 


ARS ARS), irS), ng | 
Black-eyed Black-eyed| Are | Red-eyed aks |Black-eyed| Red-eyed | Red-eyed | 
Self Agouti | Red-eyed)  Redq- Black- | Self-yel- | Yellow- | 
Agouti Hooded | Self-red | hooded | Self-black | hooded | low | hooded 
25 29 | 23 21 | 23 | 24 25 | 26 196 


If we disregard the agouti gene in the above cross, the 
results from Table II may be combined with those from 
Table I. This has been done and is given in Table III. 
The combined results merely give added proof to the de- 
ductions drawn from Table I, that no linkage has oc- 
curred. 

TABLE III 
TaBLES I AND II CoMBINED 
TS X 


Non-crossovers | Crossovers 


RS), rs RS rs), 


| 
102 100 97 95 


4Red-eyed animals carrying agouti are of a decidedly deeper red than 
those lacking it (which seem dilute in comparison) and are easily distin- 
guishable from the latter. 
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We may therefore conclude that the known genes in 
‘ats arrange themselves into three groups. Into one may 
be placed agouti (4) and its allelomorph, non-agouti (@) ; 
into the second, self (S), with its allelomorphs, Irish (Si) 
and hooded (S:); and into the third the three genes R, P 
and C' with their allelomorphs. 

As before stated, Castle showed that R and P were 
linked to albinism (C.), but he did not determine the ex- 
act degree of their linkage.® Evidence on this point 
concerning the linkage of R and Co will be presented in 
the following pages. 

Two of the heterozygous self agoutis (rSA-RSnia) used 
in determining the linkage relations of R, S and A, when 
mated together produced some albino offspring. The 
father of the self agoutis, g¢ 105A.1, a red-eyed self, 
varrying agouti (rrSSAA), could not have earried al- 
binism himself since he had 17 non-albino offspring when 
mated back to one of his daughters, 2? 126B.4, known to 
be earrving the albino gene. The mother of the self 
agoutis, 2 98A.2, a black-eyed black hooded, must there- 
fore have been heterozygous for albinism, and accord- 
ingly would be of the composition RRSiSiaaCC.. Her 
offspring that gave birth to albinos would of necessity 
have the zygotic formula RrSSi:AaCC. These when in- 
bred should have had albino offspring of various compo- 
sitions, if there had been no linkage. For every albino 
that was homozygous for a dominant gene we should have 
expected two that were heterozygous and one that was 
homozygous for the recessive. 

Since there were six albinos born from the agouti X 
agouti mating, it seemed quite probable that one at least 
would be found that was recessive for all the genes. Ani- 

5In May, 1919, the author was informed by Professor Castle that he had 
conclusive evidence that R and Cq were completely linked. At that time he 
had obtained about 200 non-cross-over and no crossover gametes. While this 
paper was going through the press Castle’s report (1919) on linkage in rats 
has appeared as Publication No, 288 of the Carnegie Institution or Wash- 


ington. In studying the linkage relations of albinism and red-eyed he ob- 
tained 433 non-cross-over gametes and one somewhat doubtful crossover. 
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mals of this sort could be used for further linkage work. 
Even if none were found it seemed very probable that 
from them albinos of this description could be produced. 

Accordingly all six albinos were mated to red-eyed yel- 
low-hooded animals (rrSiSiaaCC) in order to determine 
their compositions. The zygotic formule of the six 
proved to be as follows: 


2RRSiSiA a, 
IRRSSia a, 
IRRS)Shaa, 
IRR. 


The one outstanding feature was that all six albinos were 
homozygous for black-eyed (R), although without link- 
age one should have expected that at least one would be 
red-eyed (rr) and several heterozygous (Rr). This gave 
a very strong indication of linkage and so further work 
was pursued with this in view. 

To simplify matters we shall disregard all the genes 
but R (and its allelomorph r) and C with its allelomorph 
Cx, and we shall also assume complete linkage. When the 
above six albinos (RRC.C.), therefore, were crossed with 
red-eyed yellows (rrCC) their black-eyed offspring would 
be of the composition RCa-rC. These black-eyed animals 
when inbred, assuming complete linkage, would behave as 
follows: 


RCa-rC & RCa-rC =1 RC. (albino): 2RCa-rC (black- 
eyed blacks): 1 rC-rC (red-eyed yellow). 


6 Black-eyed (2) animals may be distinguished from red-eyed (r) or al- 
binos (Cq) at birth by the fact that their eyes already appear dark through 
the skin, while red and albino eyes are as yet devoid of pigment. It is 
only about two weeks after birth or just before the eyes open that the red 
eyes have enough pigment in them so that they can be distinguished from 
albinos or pink-eyed (p). One of the albino females being tested had 11 
black-eyed (R) young which through some oversight were disposed of before 
their other characters were recorded. 
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The albinos from this mating when mated to their red- 
eyed yellow litter mates, or to red-eyed yellows from sim- 
ilar matings, should give nothing but black-eyed blacks 
(RCa:rC). This would prove for both albinos and red- 
eyed yellows that each was the result of the union of two 
non-crossover gametes. The black-eyed blacks when 
mated together should behave just like their black-eyed 
black parents, 7.e., produce all three phenotypes. In this 
ease also this would prove that two non-crossover gametes 
had united in the production of each black-eyed black 
parent. 

The above policy has now been pursued for some time. 
From the mating together of RCcarC black-eyed blacks 
the following offspring have resulted: 

23 albinos, 57 black-eyed blacks, 31 red-eyed yellows. 
For some reason there is a deficiency of albinos. As 
previously explained, black-eyed blacks may be distin- 
guished at birth from either albinos or red-eyed yellows 
by the color of their eyes. In the above cross five animals 
died early, but none of them were black-eyed. They died 
before one could be sure whether they were albinos or 
red-eyed yellows. If there was selective mortality, and 
they were all albinos, the deficiency of albinos would thus 
be explained. 

So far 13 albinos from RCa-rC RC.a-rC matings have 
been tested and all proved to be RC.:-RC.; therefore they 
are the result of the union of 26 non-crossover gametes. 
Similarly, 12 black-eyed blacks proved to be RCa-rC and 
10 red-eyed yellows, rC-rC. The total number of non- 
crossover gametes going into the production of the above 
animals is 70, and is at least a fair indication that R and 
Ca are completely linked. More results are necessary in 
order to make this conclusive. Since the amount of cross- 
ing-over between R and P is already known (17-18 per 
cent.), and since R and Ca are completely linked, we 
should expect to find the same percentage of crossing- 
over occurring between P and C. as between P and R. 
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VI. Discussion or ExpertMENts AT WHITE HeEatH 

1. Réle Played by Vision.—In regard to the experi- 
ments at White Heath there is little to be said more than 
already has been stated in the discussion in connection 
with the responses of the water-striders, during severe 
drought, in the dry bed of the stream. In general, the 
majority of the gerrids found their way back to the brook, 
when removed from it to distances of one, two, three, and 
four yards. This was true whether they faced the brook, 
were placed with their bodies parallel to its banks, or 
faced directly away from the water. Water-striders with 
their heads turned away from the stream took a little 
longer time'to reach the brook than was true of the other 
hemipterons, and they also evinced more random move- 
ments. Occasionally a gerrid wandered astray and 
seemed unable to reach the brook. 

At such short distances away from the water, as have 
been mentioned, it is very probable that the hemipterons 
find their way back to it mainly through the sense of sight. 
It is a well-known fact that many species of aquatic Hem- 
iptera respond positively to light as a stimulus, indicating 
that vision must play an important part in the behavior 
of the members of this group. Among these are the 
water-striders Gerris orba (Essenberg, 1915, p. 400), 
Gerris remigis, Gerris marginatus (Riley, MS.), and prob- 
ably Gerris thoracicus, Gerris tristan (Kirkaldy, 1899, 
p. 110). Not only do certain water bugs respond posi- 
tively to light, but Cole (1907, p. 387) has proved the truly 
remarkable fact that Ranatra fusca possesses the ability 
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to discriminate between two luminous areas of different 
size, even though they are of the same intensity. Water- 
striders may possess this sort of discrimination. 

At this point I desire to direct attention to certain in- 
teresting experiments of Parker (1903) on the butterfly, 
Vanessa antiopa Linneus, because of their probable bear- 
ing on some of the responses of Gerris remigis. Accord- 
ing to this writer (1903, p. 467), 

Vanessa antiopa . . . [is able to] discriminate between light derived 
from a large luminous area and that from a small one, even when light 
from these two sources is of equal intensity as it falls on the animal. 
These butterflies usually fly toward the larger areas of light. 

He (1903, p. 465) remarks that in the sunlit spots in the 
woods, this butterfly responds to the large areas of sun- 
light rather than to the smaller ones. This form of re- 
sponse applies also to the sun, although 

the retinal image of the sun must be vastly brighter than those of all 
other spots [of sunlight]. 

Furthermore, writing of the way in which Vanessa an- 
tiopa finds a patch of sunlight, he (1903, p. 464) makes 
the following statement : 

This pateh [of sunlight] is found not through the accidental wander- 
ing of the butterfly into it, but by the butterfly’s taking a direct course 
to it, precisely as the insect finds a single light window in an otherwise 
dark room. The directive influence, then, is not the intense sunlight that 
makes the patch, but the much less intense reflected light radiating from 
the patch. This must form a localized spot on each retina of the butter- 
fly, and it is the position of these spots that determines the direction of 
flight. 

The surface of the water in a brook forms an excellent 
reflecting surface, either for moonlight or for sunlight, 
and it is probable that the gerrids respond to such re- 
flected light much in the same way that they do to arti- 
ficial light. Or they may respond to water, or rather to 
the reflections from its surface, according to the same gen- 
eral principle that Vanessa antiopa responds to patches 
of sunlight. These areas of sunlighted water in the 
brook must have much the same appearance to insects 
with image-forming eyes, such as water-striders, as do 
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the sunlit areas in-the woods. The gerrids go toward 
the water—not quite so directly as Vanessa antiopa 
moves toward areas of sunlight—with but few prelimi- 
nary random movements, except in the case of those 
having their heads directed away from the brook, in 
much the same fashion and probably for much the same 
reason that Vanessa antiopa goes toward sunlit spots in 
the woods. 

I observed, as early as the summer of 1911, that these 
water-striders respond to moving objects and shadows 
more promptly than they do to stationary ones. In the 
early fall of 1918, I discovered that individuals of Gerris 
remigis, confined in an aquarium, respond definitely and 
in a pronounced manner to a moving incandescent electric 
light and also to frequent changes in the position of such 
a light. Essenberg (1915, p. 402) states that in Gerris 
orba 

The sense of sight is keenly developed, the insects detecting a moving 

object or a shadow very quickly. ; 
The responses of Ranatra fusca to a moving light and 
also to a light frequently changed as to position are well 
known through the admirable work of Holmes (1905). 
He (1907, pp. 160, 161) has also pointed out that the 
young of Ranatra quadridentata respond to changes in 
position of a light. Therefore, a brook with a current of 
moderate velocity is more likely to be seen by the gerrids 
than is still water. The riffles and small waves serve as 
additional reflecting surfaces for diffuse daylight and sun- 
light, which facts aid in making the position of the brook 
still more noticeable to the water-striders. 

2. Réle Played by Moisture.—It is possible that mois- 
ture from the brook diffusing through the atmosphere 
may serve, to a certain extent, as a stimulus which may 
produce a positive response when the water-striders are 
in such close proximity to the stream as previously has 
been indicated. However, I am much in doubt of such an 
explanation. The plan to prevent the gerrids from seeing 
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the water, or perhaps the reflections from it, and yet not to 
obstruct the diffusion of moisture from the brook did not 
produce results sufficiently definite from which to draw 
conclusions. There is much doubt as to the role played by 
moisture in influencing water-striders to move toward the 
brook. 


VII. Discussion oF EXPERIMENTS AT SYRACUSE 


1. Réle of Vision——The experiments conducted near 
the large pool in the brook at Syracuse added little infor- 
mation to what has been stated concerning the work near 
White Heath. I believe that vision was the main factor 
in assisting the gerrids to reach the large pool of water. 
There were no obstacles to obstruct the view of the ger- 
rids, the surface of the ground being smooth and flat. The 
water-striders facing toward the pool and also those 
having the longitudinal axis of the body parallel with its 
margin found the water very promptly and with consider- 
able directness, again suggesting the probability that they 
reached the pool according to the same principle involved 
in the case of Vanessa antiopa in finding the areas of 
bright sunlight. It must be recalled that the pool of 
water was, comparatively, of large size and that reflec- 
tions of light from its surface would be more readily seen 
than from such a narrow brook as the one near White 
Heath. It is true that, in the experiments in which the 
gerrids faced away from the water, there was a little less 
promptness in reaching the surface of the pool and also 
some random movements. However, in this series of ex- 
periments, also, I believe that the sense of sight was the 
chief factor involved in assisting the gerrids to reach the 
water. 

In the experiments when forty gerrids were used in 
each trial, I believe that vision played the chief réle in 
directing them to the water, at distances both of one yard 
and of three yards. It is difficult to see what other factor 
could have served as a stimulus in assisting the water- 
striders to reach the pool with such directness and prompt- 
ness as was displayed. 


— 
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2. Réle of Moisture.—During all of the experiments 
performed at Syracuse, it is possible that moisture, evap- 
orating from the pool and diffusing through the atmos- 
phere, served as an additional stimulus in effecting a 
positive response from the gerrids. Such a possibility is 
more feasible in this connection than was true in the case 
at White Heath, for the area of the water surface where 
the experiments were carried on at Syracuse is very much 
larger than the area of the water surface at the place in 
the brook where the experiments were conducted at White 
Heath. 

VIII. Summary anp Conclusions 

This paper treats of certain habitat responses of the 
large water-strider, Gerris remigis Say. The work was 
done partly near Urbana, Illinois, and partly near Syra- 
cuse, New York. Observations were made of the re- 
sponses of the water-striders trapped in stream pools, 
during a period of severe drought, for the purpose of 
discovering what became of them after the pools dried 
up. These gerrids, being mainly apterous forms, were 
unable to migrate by flight. Experiments, related to the 
habitat responses, were performed for the purpose of 
finding out whether water-striders were able to reach 
their habitat, a brook of moderate size after having been 
removed from it and placed on the ground certain dis- 
tances away. 

In the late summer, during a severe drought, with a 
temperature from 90° to 100° F., water-striders, Gerris 
remigis, frequently were found on stream pools, con- 
nected by small riffles, at White Heath, near Urbana. As 
food became scarce or when a scum formed on the surface 
of some of the pools, the gerrids migrated, by way of the 
riffles, to other pools that were free from scum. As the 
drought progressed, the water-striders were congregated 
on the few pools that remained. Often the scum, a bac- 
terial growth, killed large numbers of the gerrids. 

These stream pools were studied and the responses of 
the water-striders were observed after the pools dried up. 
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For an entire day particular attention was directed to one 
small pool, dimensions 12 x 5 x 4 inches, which became - 
dry at that time. There were twenty gerrids on its sur- 
face and they made no attempts to escape, as the pool 
rapidly became reduced in size. 

After the pool had become entirely dry, the water- 
striders did not move away for a period of ten minutes. 
The initial locomotor responses were due, primarily, to 
the drying up of the water. This was the only change in 
external conditions and there was no other evident stim- 
ulus. Similarly, when gerrids were removed from 
aquaria, where they had been kept in captivity, they be- 
came very active when placed upon a solid surface away 
from the water. This was true even if previously they 
had been inactive. These water-striders moved with an 
awkward stumbling gait on land, but they made fairly 
rapid progress. Their methods of locomotion were by 
walking and jumping. Not infrequently, when jumping, 
the gerrids seemed to lose control of the orientation of 
the body, and sometimes made a turn of 180 degrees. 

The gerrids responded readily to contact stimuli, which 
usually was evinced by them in coming to rest against 
pieces of dry mud, driftwood, stones, and clumps of dead 
leaves. They occasionally crawled underneath objects of 
the character that have been mentioned. They did not re- 
main there permanently, for even after carefully marking 
the exact place, I never have been able to find them the fol- 
lowing day. Shade and a lower temperature, combined 
with contact, probably were the factors which influenced 
the water-striders to stay quietly in such places. They 
did not burrow into the mud, nor into the banks of the 
brook for the purpose of wstivating until the drought had 
passed. So far as I was able to observe, the gerrids did 
not estivate. 

Ten out of the twenty gerrids, or 50 per cent., reached 
the nearest pool—dimensions 3 yds. x 2 yds. «5 in— 
which was ten yards down the dry bed of the brook away 
from the site of the former pool where the twenty water- 
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striders were entrapped. The first one to reach the pool 
did so in 5 minutes and 30 seconds. Another gerrid re- 
quired fifteen minutes to find the water. The last water- 
strider to arrive at the pool completed the journey in 
forty minutes. There was considerable variation as to 
the time necessary to reach the pool on the part of the 
others, the average being 14 minutes and 30 seconds. 

The direction of locomotion, of the ten water-striders 
that did not find the pool was mainly up the dry bed of 
the brook. Four wandered so far upstream that there 
was little probability of their reaching water. With ref- 
erence to the six remaining gerrids, two of them jumped 
into a large crack in the dry mud of the brook channel; 
two crawled under some driftwood; one worked its way 
into a clump of dead leaves; and one disappeared while I 
was observing some other water-striders. The following 
day I was unable to find any of these gerrids, although I 
sought for them thoroughly, and had marked carefully 
the various places where they were seen last on the previ- 
ous evening. 

There was considerable variation, by different indi- 
vidual water-striders, as to the amount of time consumed 
in traversing the distance between their former abode 
and the large pool of water downstream. None of the 
gerrids, that reached the pool, journeyed there along a 
straight path. Those that were among the first to com- 
plete the journey seemed to make the least number of 
errors in direction. All of them made deviations from 
the most direct route, and also evinced random move- 
ments. They found the pool of water through a blunder- 
ing method of trial and error. The responses of the ger- 
rids that moved downstream and found the water and 
also of those that moved upstream and were not so suc- 
cessful were, in the main, very similar, although the latter, 
traveling a longer distance, made many more erratic 
movements. In general there appeared to be a lack of 
definiteness in orientation with reference to the direction 
of the pool and a lack of promptness in journeying to it. 
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There appeared to be a tendency on the part of the 
water-striders to keep moving along the path already 
taken, unless some other stimulus diverted them. This 
frequently occurred, and contact proved to be the com- 
monest form of stimulus that brought about such diver- 
sion. They wandered along a certain path until some 
stimulus acted upon them. Then they changed their path 
and tried another direction. There were times when it 
was difficult to observe what was the stimulus causing the 
change in direction. In fact on certain occasions there 
appeared to be no new external stimulus, no changé in the 
external environment, and yet there occurred a change in 
direction. Therefore the change in direction probably 
was due to some disturbance of the physiological condi- 
tion of the animal brought about by some internal 
stimulation. 

Fifty per cent. of the total number of gerrids entrapped 
on the surface of the stream pool were successful in 
reaching water elsewhere. In this instance the water was 
ten yards away from the site of the pool on which the 
insects were trapped. So large a number, I am con- 
fident, is very unusual, for several other observations 
of a similar character show that a very much smaller 
percentage were able to find water after the pools on 
which they were confined had become dry. In some 
cases the water was at distances of less than ten yards, 
while in other cases it was eleven, twelve, and fourteen 
yards distant. I believe that large numbers of apterous 
individuals die during periods of long and severe 
droughts. I have some evidence of this from out-of-door 
observations. Further, I have found that water-striders, 
frequently, soon die in the laboratory, when the water in 
aquaria was permitted to evaporate to dryness. This 
was true even if the temperature was not higher than 
85° F. 

Experiments were carried on near Urbana for the pur- 
pose of observing with what promptness and directness 
water-striders, Gerris remigis, returned to their habitat 
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after having been removed from it, and also for the pur- 
pose of observing their responses while doing so. Twenty 
water-striders were used at each trial. They were re- 
moved quietly from the surface-film and then carefully 
placed on the ground at distances of one, two, three, and 
four yards away from the brook. In some experiments 
the gerrids faced the water, in others they were parallel 
with the current of the brook, and in still others they 
faced away from the stream. 

In all the experiments in which the gerrids faced the 
brook, the majority of them regained the surface-film. 
When they were placed on the ground one yard away 
from the water, all those that reached the brook did so in 
less than one minute. In no experiment were there more 
than two gerrids that did not reach the water. When the 
water-striders were taken two and three yards away from 
the stream, they were back again on its surface within 
2 minutes and 30 seconds. ‘Those gerrids that were 
placed on the ground four yards away from the brook dis- 
played more random movements in reaching the water 
than did those that were nearer to it and a slightly 
smaller percentage succeeded in finding the brook. Those 
that reached the water did so within four minutes. The 
experiments with the gerrids parallel with the brook 
showed that the majority of them reached the water at 
distances from one to four yards inclusive. Some indi- 
viduals required a little longer time to make the journey 
than did those that faced the brook. Sometimes there 
was a little delay before they began to jump toward the 
water. Those that were taken four yards away from the 
brook evinced more hesitancy and more random move- 
ments than was the case with the gerrids placed on the 
ground at points nearer the water. Experiments with the 
water-striders facing away from the brook showed again 
that the majority of the gerrids reached the water from 
all distances from one to four yards inclusive. There 
were more random movements and less promptness on 
the part of the water-striders in these experiments than 
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in any of the previous ones. A slightly smaller percent- 
age reached the water from a distance of four yards than 
was the case in any of the other experiments. 

Experiments were conducted in order to discover 
whether vision, moisture, or both of these factors funce- 
tioned as stimuli in influencing the water-striders to find 
the brook. A barrier was constructed to shut off the view 
of the stream, but to be so arranged as still to permit 
moisture to pass through it. However, the barrier proved 
to be defective in this respect. The water-striders were 
a little less prompt in reaching the water when the barrier 
was employed than was the case when it was not used. 
The information that was obtained regarding the re- 
sponses of the gerrids proved to be inconclusive. How- 
ever, I am strongly of the opinion that vision is the impor- 
tant factor in directing these hemipterons to find water. 

Experiments, of a character similar to those that previ- 
ously have been described, were undertaken near a small 
rapid brook in the vicinity of Syracuse. Near the head- 
waters was a large pool, its approximate dimensions 
being 55 x 17 x 2 feet, formed by an artificial dam and 
on its surface were thousands of gerrids. It was here 
that the experiments were performed. 

The gerrids used in the experiments were taken directly 
from the surface-film of the pool. Different individuals 
were employed in each experiment. In all the experi- 
ments in which the responses of individuals were re- 
corded, the distance from the pool to which the gerrids 
were taken was one yard. Six experiments were grouped 
together for convenience. : 

In the first, second, and third groups of experiments, the 
water-striders were placed on the ground facing away 
from the large pool. In the first group of experiments 
the total time consumed by all the gerrids in reaching the 
water was 12 minutes and 14 seconds. The average time 
required to find the pool was 2 minutes and 24 seconds. 
In Experiment VII, the gerrid had not yet reached the 
water after ten minutes had elapsed. Omitting this ex- 
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periment, the total time necessary for all the water- 
striders to reach the pool was 2 minutes and 14 seconds, 
and the average time consumed in finding the water was 
264 seconds. In the second group of experiments the 
total time used by the water-striders to reach the pool 
was 3 minutes and 6 seconds. The average time required 
to reach the water was thirty-one seconds. In the third 
group of experiments the total amount of time that 
elapsed before all the gerrids had reached the water was 
17 minutes and 55 seconds. The average time necessary 
for individuals to find the pool was 2 minutes and 30 
seconds. The gerrid used in Experiment XXVI did not 
reach the pool and it was observed for 15 minutes and 
25 seconds. If this experiment is omitted the total 
amount of time for all the water-striders to reach the 
pool was found to be 2 minutes and 30 seconds, while the 
average time required for the gerrids to find the water 
was thirty seconds. The results of these experiments 
are typical of many others. A large majority of the 
gerrids were successful in reaching the water, only two 
individuals out of eighteen failing to do so. There were 
a number of random and trial movements, but in the main, 
the gerrids returned to the surface-film with consider- 
able promptness. 

In the fourth, fifth, and sixth groups of experiments, the 
initial position of the gerrids was facing the water. With 
respect to the fourth group of experiments, all the water- 
striders consumed a total amount of time of 2 minutes 
and 40 seconds in reaching the surface-film. The average 
time necessary to return to the water was 26% seconds. 
The gerrid used in Experiment XXXIV consumed ninety 
seconds of time before it succeeded in finding the pool. 
Omitting this experiment the total amount of time re- 
quired by all the water-striders to return to the brook 
was 1 minute and 10 seconds, while the average time 
neecssary to reach the water was fourteen seconds. In 
the fifth group of experiments, the total amount of time 
required by all the gerrids to find the pool was 1 minute 
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and 52 seconds, and the average time consumed was 18% 
seconds. In considering the sixth group of experiments, 
it was found that 1 minute and 24 seconds elapsed before 
all the gerrids were back on the surface-film and that the 
average time necessary to reach the water was fourteen 
seconds. The results of these experiments are, in the 
main, very similar to many.others not recorded here. Out 
of a total of eighteen gerrids not one failed to get back 
to the water. The water-strider used in Experiment 
XXXIV was the only one that took an unusual amount of 
time to reach the pool. On the average, the gerrids used 
in the second three groups of experiments required, ap- 
proximately, only about one half the amount of time 
that was required by the water-striders in the first three 
groups of experiments in order to reach the pool of 
water. The gerrids in. the second three groups of ex- 
periments made fewer mistakes and a less number of 
random movements in finding the water than was the 
case in the first three groups of experiments. 

Just a brief statement will be made with reference to a 
series of experiments in which the bodies of the gerrids 
were placed parallel to the shore of the pool. In other 
respects the experiments were similar to the groups of 
experiments, one to six inclusive, the results of which 
already have been recorded. In general, the results were 
very much like those obtained in the second group of ex- 
periments, with the exception that a little more time was 
required by the gerrids in reaching the water. There was 
not quite so much promptness, on the part of the water- 
striders, in moving toward the pool. They evinced a few 
more trial directions before arriving at the water and 
occasionally a gerrid did not succeed in reaching the pool. 

A series of experiments was carried out in which the 
gerrids were not oriented, specifically, with reference to 
the pool of water. The individual responses were not 
considered in these experiments, as the water-striders 
were used in large numbers, but records were made of the 
number of gerrids that reached the pool and records also 
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were made of the length of time that was necessary to 
find the water. Forty gerrids were employed in each of 
the experiments, which well might be considered as mass 
experiments. They were placed on the ground one yard 
away from the water in a number of the experiments, and 
in the case of the other experiments, the water-striders 
were placed on the ground three yards away from the pool. 

The results of the different experiments one yard. away 
from the water were very similar in many instances. 
Therefore the data will be given of only one experiment. 
A great majority of the gerrids were back on the surface 
of the pool within fifteen seconds from the time they were 
placed on the ground. In thirty-five seconds all but two 
individuals had reached the water, and in one minute of 
time all the gerrids were striding back and forth on the 
surface-film. The water-striders jumped toward the pool 
with considerable promptness. They made comparatively 
few errors in direction and few random movements. 
Sometimes there was a gerrid that did not reach the pool. 

In the experiments three yards distant from the pool 
of water, a great majority.of the gerrids were back on the 
surface-film within forty seconds after they were placed 
on the ground. In the majority of these experiments, all 
the water-striders had returned to the water within 2 
minutes and 5 seconds. A very few gerrids were not suc- 
cessful in reaching the water. A fair degree of prompt- 
ness and directness were evinced by the water-striders 
in jumping toward the pool. There were, perhaps, more 
errors made in direction of movement than was the case 
with the gerrids in the experiments one yard away from 
the water. 

In all these experiments conducted at the brook near 
Syracuse, it seemed probable that the sense of sight was 
the most important factor in directing the gerrids to the 
water, although moisture also may have exerted an influ- 
ence on their responses. 
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SHORTER ARTICLES AND DISCUSSION 


SEX-CORRELATED COLORATION IN CHITON 
TUBERCULATUS? 

1. Among mollusks the occurrence of clear-cut differential 
characters associated with sex is rare. Differences of size in the 
sexes of dicecious species are known, though in some instances 
the larger size of the female is a consequence of protandric her- 
maphroditism; there are also certain records of slight, and pos- 
sibly ineconstant, sex-differences in shell form; the hectocotylus 
of dibranchiate cephalopods, however, is almost the only well- 
defined instance of a ‘‘secondary sexual character’’ in mollusks 
—and this is an accessory organ of copulation. Color differences 
of this nature seem not to have been observed. Some importance 
may therefore be attached to the description of a pronounced 
eolor difference, correlated with sex, which has been found in 
the commonest placophoran at Bermuda, Chiton tuberculatus 
Linné, particularly since this differential coloration seems 
capable of interesting interpretation in several directions of 
theoretic importance. 

2. In adult chitons of this species there is noticeable what ap- 
pears at first sight to be a considerable diversity in the degree 
to which pigment, of a salmon-pink hue, is developed upon the 
foot and other soft parts exposed in ventral view. Somewhat 
less than half of the individuals have the foot, etenidia, and 
other soft parts of a pale-buff color; in the remainder, the foot, 
head, etenidia and mantle are to various degrees tinged with 
salmon-pink or orange-red pigment, the color being in some 
eases startlingly vivid. This difference is most pronounced dur- 
ing late spring, but persists to some extent throughout the year. 
The pigmentation is not correlated in any way with size; indi- 
viduals of any length from 3.4 to 9.2 em. may be either pale buff 
or salmon-pink on the ventral surface; nor does the intensity of 
reddish pigmentation, when present, depend upon size. In 
dorsal view it is quite impossible to distinguish the two groups 
of animals, unless the plates be artificially separated to an ex- 
treme degree, and not even then with any certainty. 

The differential coloration proves to be correlated with sex, 


1 Contributions from the Bermuda Biological Station for Research, No, 109. 
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in the sense that the soft parts of male chitons are never colored 
pink; whereas those of maturing females invariably are, the 
intensity of the pigmentation depending to a large extent upon 
the state of maturity of the ovary, to a lesser extent, it seems 
probable, upon the quantity and the kind of the algal food avail- 
able in differing environments. 

I have been at some pains to verify this conclusion by numer- 
ous dissections and by microscopic examination of smears from 
the gonad of 129 individuals. As in most chitons, the nature of 
the single median gonad is readily distinguishable, when mature 
or nearly so, owing to the fact that ovary and testis are differ- 
ently colored. In the case of the young C. tuberculatus, and of 
the immature gonad in animals of all sizes, testis and ovary are 
macroscopically undistinguishable, being pigmented in the same 
degree by a brick-red substance, which will be referred to in 
what follows. These observations were made for the most part dur- 
ing the week ending March 30, 1918, at which time motile sperms 
and well-developed (but not mature) eggs were present. The 
ripe testis differs in color from the ovary because the amount of 
red pigment in the stroma of the male gonad does not increase 
after a very early stage; so that the testis comes to appear as a 
milk-white organ with innumerable interlacing threads of dull 
crimson upon its surface. In the ovary, on the contrary, the 
amount of this red substance increases enormously. No trace of a 
gonad was detected in 72 animals less than 3.4 em. total length,” 
the smallest female being 3.4 em., the smallest male 3.4 em. also. 
A group of 67 individuals between 3.4 and 9.2 em. length, col- 
lected at random, was examined by first carefully noting the 
coloration of the tissues (foot, ete.), then investigating the con- 
dition of the gonad. Among these 67, 27 were males containing 
active sperm; the foot, ctenidia, and other parts were in every 
case pale buff in color. The remaining 40 were clearly separable 
from the others by the presence of pink or orange pigment, and 
were without exception females. A further group of 64 chitons 
was first divided into two lots, ‘‘pale’’ and ‘‘pink,’’ respectively ; 
smears and teased preparations of the gonads showed that in 
only two instances was the expectation based upon the group 
first studied defeated, and in these instances the animals were 
small females with very immature ovaries. Summarizing the 

2 An investigation of the adult life-history of C. tuberculatus, to be de- 
scribed in detail elsewhere, shows that chitons of this size are at least two 
years old. 
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results from both groups, it was found that the 131 individuals 
with recognizable ovary or testis comprised 76 females and 55 
males,® the females, when mature, being distinguishable exter- 
nally by the development of a salmon-pink or orange-red colora- 
tion of the soft parts (foot, head, etenidia, mantle) .* 

3. The color difference between the sexes of Chiton is believed 
to be of special significance, for the following reasons: because 
the coloration of the soft parts of the female is directly traceable 
to metabolic activities associated with the growth of the ovary; 
and because it provides an example of secondary sexual colora- 
tion which has no conceivable utility, but is, on the contrary, so 
far as color is concerned, of a thoroughly accidental nature. 

Concerning the first point: the data previously summarized 
show the definite manner in which reddish pigmentation is cor- 
related with sex; there are also the facts, (1) that in animals 
less than 3.4 em. length there is no trace of any pink body pig- 
mentation, (2) that the intensity of such pigmentation agrees 
with the state of development of the ovary, (3) that the blood 
of female chitons is mahogany-red or deep orange in color (that 
of males being dull yellow), and (4) that the reddish hue of 
blood, external tissues, and ovary is demonstrably due to the 
same pigment substance. 

This pigment shows by its chemical behavior that it belongs 
to the group of carotin-like ‘‘lipochromes,’’ and is unrelated to 
the hemoglobin which colors the buccal musculature of both 
sexes. It has also an absorption spectrum—one band in the 
blue-green, another in the violet—of a kind supposed to be 
characteristic of the ‘‘lipochromes.’’ The pigment is not soluble 
in water, but is dissolved by either 95 per cent. alcohol, acetone, 
xylol, or chloroform, and by the last named is extracted from 
aleohol after treatment with alkalies; it is quickly decolorized 
by standing in contact with air, in the light, and is bleached 
(after passing through a deep blue condition) to lemon yellow 
by strong nitric acid. Concentrated solutions are orange-red, 

3 These figures give a sex ratio of males: females:: 1: 1.38; this is prob- 
ably too high a proportion of females for the whole population, but there 
seems undoubtedly to be, in some places, a preponderance of females. The 
matter is worthy of further attention, in relation to the breeding habits of 
Chiton. 

4¥For certain purposes in which eggs are required to be uncontaminated 
with sperm, the external sex-difference in Chiton is a vaiuable aid in experi- 
mental work; not only are the eggs abundant, of fair size, and easily ob- 
tained, hut males may be entirely excluded from the lavuratory. 
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dilute solutions yellow. The lipochrome is present in the ccelomic 
fluids of the male Chiton, though in very small amount, and, as 
previously stated, is present in the stroma of the testis. In the 
female Chiton large quantities are present, in ‘‘solution,’’ in the 
blood and ccelomie fluid, and in the ovary it is clearly associated 
with the great quantity of fat globules there present; not all of 
the fat globules are stained with the red pigment, multitudes of 
the smaller ones being uncolored by it. 

It seems clear that we have here another case where the de- 
veloping ovary is associated with ‘‘fat metabolism’’; the red 
lipochrome, accompanying a large volume of fatty materials, is 
prominently concerned (perhaps by reason of its easy oxida- 
tion) in the growth of the ovary, and both pigment and fat are 
vastly important for the formation of sperms. The occurrence 
of the ovarian pigment in much higher concentration in the 
blood and juices of maturing females is comparable to the con- 
dition found by Steche® in certain moths, whereof the blood of 
the female was chemically differentiated in an obvious way from 
that of the male. 

That the pigment is concerned in the metabolism of the ovary 
is shown by the fact that as the ovary becomes mature, but be- 
fore it is fully so (7. e., early in May), it becomes of a deep green 
color with imbedded streaks of maroon-red. In surface view the 
ovary is then green, like that of most chitons, but the salmon or 
deep orange coloration of the foot, muscle, blood, ete., does not 
change. Hence, if these animals were to be examined in summer, 
with the ovary nearly or quite mature, the causal connection 
between ovarian pigmentation and body pigmentation would 
hardly suggest itself immediately. It is easily shown, by ex- 
tracting the pigment in acetone, that the green hue must be due 
to a relatively simple modification of the original red substance. 
Such extracts are orange-yellow, are decolorized by HNO,, and 
give a green flocculent precipitate with alkalies. The ovarian 
eggs themselves, at first colorless, are found by the middle of 
May to have assumed a faint pink tinge, whereas toward the end 
of June they become deep green.. 

4. Regarding the accidental character of the reddish color in 
the tissues of adult female chitons, it is sufficient to point out 
that the foot, where this character is most conspicuous, remains 
throughout life firmly adherent to the substratum; the gills also 


5I quote at second hand, from Doncaster, 1914, ‘‘The Determination of 
Sex,’’ p. 101. 


88 THE AMERICAN NATURALIST [ Vou. LIV 


are brightly pigmented, but the girdle of the chiton is never 
‘aised more than a few millimeters from the surface upon which 
the animal may be resting, and while above water, in the inter- 
tidal zone, even this minute elevation oceurs only along a short 
length of the mantle at a time. If it be answered that these 
chitons frequently creep over one another, it should be remem- 
bered that in the Placophora there are no tentacular eyes upon 
the head, and in the genus Chiton no extra pigmental megesthete 
eyes upon the valves; so there is, after all, no opportunity for 
sex-recognition through color (a fantastic idea, for other rea- 
sons also). That the coloration of the soft parts is ever visible 
to other animals seems equally improbable. Certain small isopods 
(Spharoma) commonly frequent the mantle ‘‘chamber’’ of 
Chiton tuberculatus, but they are found indifferently in the com- 
pany of either sex. It is necessary to conclude that, so far as 
color is concerned, the pink or orange hue of the body of the 
female Chiton tuberculatus is of no ethological significance; the 
nature of the pigment, its association with the growing ovary, 
its progressive changes in the ovary itself, and its presence in 
the blood, make of this case a most excellent illustration of the 
‘*metabolie-accident’’ conception of certain types of animal 
coloration. 
W. J. Crozier 
ISLAND, 
BERMUDA 


ON THE ALKALINITY OF THE SEA WATER IN 
LAGOONS AT BERMUDA? 


THE present land-form of Bermuda, resembling in certain 
respects the configuration of many ‘‘coral’’ islands, was em- 
ployed by Heilprin? as an example of atoll formation through 
basic subsidence. The southeastern segment of the proto-Ber- 
muda land mass, now the only area above water, in addition 
exhibits three distinct ‘‘sounds,’’ or lagoons: Great Sound, 
Harrington Sound, Castle Harbor. These lagoons Heilprin also 
conceived to have originated through local subsidences. Fewkes? 
had earlier considered the origin of these lagoons, stating his 
belief that they, as well as the form of the islands as a whole, 

1 Contributions from the Bermuda Station for Research, No. 114. 

2 Heilprin, A., 1889, ‘‘The Bermuda Islands,’’ Philadelphia, [vi] + 231 
pp., 17 pl. 

3 Fewkes, J. W., 1888, Proc. Bost. Soc. Nat. Hist., Vol. 23, pp. 518-522. 
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were due to the erosive inroads of the sea. The collapse of 
caves and the general scouring action of tidal and other cur- 
rents, as subsequently emphasized by Agassiz,‘ rather than very 
local basal subsidences, were thus regarded as the forces respon- 
sible for the lagoons. 

So far as the general question of ‘‘coral’’ islands is con- 
cerned, it is sufficient to note that, strictly speaking, Bermuda 
is not, of course, a ‘‘coral’’ island at all, nor is its form that 
characteristic of the islands commonly so termed.’ The problem, 
however, of this erosive action of the sea, its nature, and its role 
in the determination of land form in the ease of a limestone 
island, is insistently presented by the enclosed lagoons to which 
I have referred. Murray’s idea of the solvent action of natural 
waters in relation to the hollowing-out of lagoons and to the 
building of barrier reefs has lately been attacked from several 
aspects. Thus Mayer® has pointed out that at Tutuila (Samoa) 
and at Oahu, the surface waters draining into the sea are prob- 
ably too alkaline, and contain too much calcium derived from 
the land, to be effective in dissolving the shoreward parts of the 
eoral reef-fiat. In the case of lagoons, a great number of in- 
fluences are at work to control the erosion of the rock and the 
deposition and removal of silt.1 The measurement of the al- 
kalinity of the lagoon water provides but one of the factors 
requisite for analysis of the thoroughly heterogeneous equilibrium 
between the water and the limestone. Such determinations are 
nevertheless valuable, and during a recent residence at the Ber- 
muda Biological Station I had the opportunity of carrying out 
estimations of this kind over a period of many months.* At- 
tention was chiefly given to the alkalinity of the semi-enclosed 
waters as compared with that of the open ocean. The determi- 
nations were made colorimetrically, by means of thymolsulpho- 
nephthalein with borate standards,® and phenolphthalein. The 
alkaline reserve was not estimated. 

4 Agassiz, A., 1895, Bull. M. C. Z., Harvard Coll., Vol. 26, pp. 205-281, 
30 pl. 

5 Howe, M. A., 1912, Science, N. S., Vol. 35, pp. 837-842. Pirsson, L. V., 
1914, Amer, Jour. Sci., Ser. IV, Vol. 38, pp. 189-206. 

6 Mayer, A. G., 1917, Proc. Nat. Acad. Sci., Vol. 3, pp. 522-526. 

7 Crozier, W. J., 1918, Jour. Exp. Zodl., Vol. 26, pp. 379-389. Mayer, A. 
G., 1918, Year Book, Carnegie Instn. Wash., for 1917, pp. 186. 

8 Apparatus for this work was obtained by a grant from the C. M. Warren 
Fund of the American Academy of Arts and Sciences. 


9 McClendon, J. F., Gault, C. C., and Mulholland, S., 1917, Publ. No. 251 
Carnegie Instn. Wash., pp. 21-69. 
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Some distinct indications were had of a seasonal variation in 
p, of the enclosed waters, but tidal and other diurnal complica- 
tions in the lagoons would make it necessary to institute a long 
series of studies for the complete description of this phenom- 
enon.?® The general fact was quite apparent that the ‘‘inside’’ 
water (7. e., water within the sounds) was less alkaline than the 
‘‘outside’’ water over the reef flats, the latter likewise less alka- 
line than the open ocean. Eight sets of estimations gave the 
p, of water taken at flood tide just beyond the outermost reefs to 
the west and northwestward of Bermuda, as 8.25 (21°—23°), at a 
salinity of 36.4-+ per mille, agreeing with that found by other 
observers for Atlantic water in this general region. The p" of 
the ‘‘outside’’ water was at different times observed to lie between 
8.09 and 8.23. Within the sounds, however, the range noted was 
from 7.95 + to 8.15. The case of Harrington Sound, an almost 
completely enclosed body of water, is the most interesting. The 
waters of this lagoon are in communication with the outside sea 
through but one surface channel, a narrow cut at Flatt’s Inlet; 
there is also a small amount of subterranean communication. 
Several specific examples will make clear the differences found. 
The figures refer to samples taken with a tube of pyrex glass 
from a depth of 2-3 feet below the surface. Samples obtained 
from depths of several fathoms ran in about the same way. 
Sept. 13th, 1917. 

Great Sound, 9:40 A.M. Tide ebbing, Water temp. 26.9°; air 27.5° px 8.20 

North shore, 9:55 A.M. Tide ebbing, Water temp. 26.8°; air 27.8° py 8.22 

Harrington Sd., 10:55 A.M. Tide ebbing, Water temp. 27.4°; air 27.8° 

pu 8.06 
Nov. 22d, 1917. 

Great Sound, 9:05 A.M. Tide low, Water temp. 19.8°; air 24.0° px 8.08 

North shore, 9:40 A.M. Tide low, px 8.20 

Harrington Sd., 10:45 A.M. ‘Tide low, pu 7.95 


Such results obviously speak for the view that the solution 
of limestone by the sea within such lagoons as Harrington 
Sound must be reckoned with. Exactly how important a part 
it plays in the final adjustment of the land form can not, of 
course, he said. The color of the sea water, I might note, varies 
in correlation with the p". Within the sounds, color-readings 
on the Forel scale’! averaged 5.5 (17 per cent. yellow), whereas 

10 Cf. Moore, B., Prideaux, E. B. R., and Herdman, G. A., 1915, Trans. 
Liverp. Biol. Soc., Vol. 29, p. 233. MeClendon, J. F., 1918, Publ. No. 252, 
Carnegie Instn. Wash., pp. 213-264. 

11Steuer, A., 1910, Planktonkunde, xv + 723 pp., 1 Taf. und 365 Abb., 
Leipzig. [Pp. 84-98.] 
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out over the reefs to the northward the color index was 3.9 
(8.6 per cent. yellow), that of the ocean beyond the reefs about 
3.5 (7 per cent. yellow). 
W. J. Crozier 
PHYSIOLOGICAL LABORATORY, 
COLLEGE OF MEDICINE, 
UNIVERSITY OF ILLINOIS. 
June, 1919 


A SIMPLE METHOD OF MEASURING THE RATE OF 
RESPIRATION OF SMALL ORGANISMS 


IN view of the widespread interest at the present time in the 
subject of respiration in the lower organisms, it is thought that 
the following simple method of measuring the rate of carbon 
dioxide production in small non-aquatic animals and plants 
may be found useful not only by teachers who desire a quantita- 
tive method suitable for class instruction but also by investiga- 
tors who wish, without any material sacrifice in accuracy, con- 
siderably to simplify the various procedures at present followed 
in making determinations of small amount of CO,. The appa- 
ratus required may readily be constructed by anyone in a few 
minutes out of materials easily obtainable, and with it, it is 
possible to measure, with a probable error well within the normal 
uncontrollable range of variation of the material likely to be 
studied, a few thousandths of a milligram of carbon dioxide— 
an amount equal to that given out at ordinary temperatures by 
a sprouting grain of wheat in perhaps three or four minutes and 
by a house-fly in one or two minutes. It would be relatively 
easy still further to increase the delicacy of the method, though 
the gain in sensitiveness would be at the expense of the simplicity 
which in its present form is its chief recommendation. 

The method is based upon the well known indicator methods of 
Haas! and of Osterhout,? but unlike the first, it is applicable to 
small non-aquatie organisms, and unlike the second, it involves 
the use of apparatus so simple in construction that it can be 
duplicated any desired number of times and can therefore be 
used even by large classes of elementary students. Furthermore, 
provision is made not only for the comparison of relative rates 
of carbon dioxide production but also for the measurement of 
absolute amounts. Simplicity is secured by taking advantage of 


1 Haas, A. R., Science, 1916, XLIV, 105. , 
2 Osterhout, W. J. V., J. Gen. Physiology, 1918, I, 17. 
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two well-known facts: (1) that the carbon dioxide content of 
out-of-door air varies only slightly from day to day, and seareely 
at all during the course of an ordinary series of experiments and 
(2) that the distribution of a quantity of carbon dioxide between 
given amounts of water and air may readily be caleulated from 
the known absorption coefficients for this gas at various tem- 
peratures, which may be obtained from the Landolt-Bornstein 
Tabellen or elsewhere. The first fact obviates the necessity of 
removing all of the carbon dioxide from the apparatus at the 
beginning of the experiment and the second makes it possible, 
with a minimum of trouble, to prepare standards for comparison 
which contain any desired amount of carbon dioxide, thus enab- 
ling measurements of quantity as well as of rate of production 
to be made. 

The apparatus in its simplest form consists of a Nonsol test 
tube about 75 mm. by 10 mm., which has been drawn out in the 
Bunsen flame somewhat above its middle into a constriction ap- 
proximately 30 mm. long and 4 mm. in diameter. It is closed 
with a well-rolled cork which has been thoroughly soaked in, 
and coated with, acid free paraffin. The indicator solution is 
placed in the lower portion of the tube; the constriction prevents 
it, when the tube is agitated, from splashing on the organism con- 
tained in the upper portion. To enable quantitative measure- 
ments to be made, a series of standard tubes is required in which 
known amounts of carbon dioxide have been added to the same 
indicator solution as that used in the apparatus just. described. 
For the preparation of these standards the following device is 
employed. A Pyrex or Nonsol flask with a capacity of about 150 
c.e. is fitted with a well rolled cork through which a hole is bored 
and one of the unaltered Nonsol test tubes foreed in such a way 
that when the cork is in the flask the bottom end of the tube pro- 
jects freely upwards and its lip fits against the small end of the 
cork. After being thus prepared, the sides and the lower sur- 
face of the cork are thoroughly coated with paraffin of the best 
quality, partly to prevent leaks but chiefly to protect the indica- 
tor solution from actual contact with the cork, which would be 
very likely to cause changes in its color. It is desirable, though 
not absolutely necessary, to have as many of the flasks with the 
prepared stoppers as the number of standards to be employed— 
usually three to five. The only additional pieces of apparatus 
required are a carbon dioxide generator, a box for comparing the 
colors of the indicator tubes such as is commonly used in colori- 
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metric methods of determining hydrogen ion concentration (a 
convenient form is supplied by the Hynson, Westcott and Dunn- 
ing Co. of Baltimore, but it is easy to improvise one out of mate- 
rials in hand in any laboratory) a fine-pointed pipette, a medium- 
sized test tube, a large flask, and a few pieces of glass tubing. 
For the pipette, tubing, ete., Pyrex or Nonsol glass should ‘pre- 
ferably be used; if ordinary glass be employed it should be 
coated with paraffin where it comes in contact with the solutions. 

The first step in making a determination is the preparation of 
an indicator solution which is in exact equilibrium with the out- 
of-door air. This may conveniently be done as follows: A two- 
liter flask is filled with tap water, taken to an open window or 
out of doors and all of the water except about 100 ¢.c. is slowly 
poured out, great care being taken that neither the breath of the 
operator nor any currents of air from the laboratory come near 
it at this time. Enough of a concentrated solution of the indica- 
tor (phenolsulphonephthalein) is added to give a color of the 
proper intensity, the flask is stoppered and vigorously shaken for 
several minutes. If the tap water is not nearly in equilibrium 
with the carbon dioxide of the air, as shown by any decided 
change in color on shaking, the solution should be poured into a 
second flask from which water previously brought more nearly 
into equilibrium with the air has been emptied, and shaken for 
several minutes more. The solution, when in equilibrium with 
air at 16° C. (where the absorbtion coefficient is approximately 
equal to unity), and at a pressure of 760 mm. of mercury, con- 
tains approximately 0.3 ¢.c. of CO, per liter, or 0.0006 mg. per 
c.c. The exact amount need not be determined, however, sinee 
it is a constant quantity in all of the tubes used, and it is the 
amount added to it which is significant. To secure the benefit 
of the most sensitive part of the range of the indicator, the solu- 
tion thus prepared should have a p H of approximately 7.6 to 
7.8, 2.e., it should have a decided pink color with very little trace 
of orange. If the tap water is not alkaline enough to produce 
this result, a few drops of very weak NaOH may be added before 
the final shaking. If the tap water is too alkaline, it may be 
diluted with distilled water. The use of tap water rather than a 
weak solution of NaOH in distilled water is recommended merely 
for the sake of convenience and economy in those cases where it 
is suitable. 

The next step is the preparation of the comparison tubes in 
which the indicator solutions, instead of being allowed to remain 
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in equilibrium with ordinary air and therefore to contain at 
16° C. 0.0006 mg. of CO, per c.c., has received additions in the 
various tubes of known amounts of this gas. This is accom- 
plished as follows: A current of pure CO, from the generator is 
allowed to pass through a few c.c. of distilled water in the 
medium sized test tube until the water is saturated at atmos- 
pherie pressure. It is convenient to use in the test tube a stop- 
per with two openings, one for the inlet tube which carries the 
gas below the surface of the water and the other for an open 
glass tube projecting from the upper part of the tube through 
the cork and several inches into the air. This permits the excess 
gas to escape, and since CO, is heavier than air, the test tube 
soon bucomes filled with a pure atmosphere of it, the outside air 
not readily entering through the long and narrow escape tube. 
It is necessary that the current of CO, shall be slow enough to 
give no more than atmospheric pressure in the test tube. If only 
a few c.c. of water at a time are charged, the added pressure of 
2 or 3 em. of water, due to the dipping of the inlet tube below 
its surface, is not significant. The minimum time required to 
saturate the water has not been determined, but it is the custom 
of the writer when fresh water is taken to allow the current to 
flow for at least thirty minutes; afterwards, by keeping the tube 
corked between experiments, the water remains almost saturated 
and exact equilibrium may easily be established in five or ten 
minutes. It is, of course, very important that neither the test 
tube nor the tube admitting the CO, shall give off appreciable 
amounts of alkali, hence the recommendation that Pyrex or 
Nonsol glass be used or the same result be secured with inferior 
glass by means of a thin coating of paraffin. 

Having a solution whose CO, content can accurately be calcu- 
lated if the temperature and the barometric pressure are known, 
the next step is to add measured amounts of it to successive por- 
tions of the indicator solution. This is done as follows. The 
first flask and the test tube in its stopper are filled with distilled 
water, which by shaking has been brought into equilibrium with 
out-of-door air, and emptied with the precautions already noted. 
Five c.c. of the prepared indicator solution are then added, the 
cork quickly inserted and the whole vigorously shaken. The 
color of the solution should not change if the proper precau- 
tions have been taken. The remaining flasks are then treated in 
the same way. By inverting them, the color of the indicator 
solution in their respective test tubes can be compared against a 
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white background. It should be the same in all. The first flask 
is kept as a control, nothing being added. It is inverted, and 
the cork with its test tube containing the indicator solution re- 
moved and quickly stoppered with a paraffined cork. To the 
second flask one drop of the carbon dioxide saturated water is 
added, to the second two drops, to the third four, or any desired 
number, ete. The stopper in each case is quickly replaced and 
the whole apparatus shaken vigorously until the CO, has dis- 
tributed itself between the solution and the air. The test tubes 
are then removed and corked as described above. The amount 
of CO, added to each c.c. of the solution may now readily be cal- 
culated by taking into account the absorbtion coefficient for the 
temperature in question and the relative amounts of water and 
air. The volume of a single drop of the added solution has, of 
course, previously been determined by counting the number of 
drops required to give a volume of, for example, 5 ¢c.c. In add- 
ing the CO, it is convenient to use a fine-pointed pipette which 
can be inserted in the escape tube of the test tube in which the 
water has been charged. This makes it unnecessary to remove 
the stopper of the latter or otherwise to disturb it. Unless the 
pipette is first filled with CO, (which may, however, readily be 
done and which is to be recommended), a little of the gas will 
escape from the free surface of the liquid within the pipette. If 
only a few drops are used from the lower portion of the pipette, 
however, no error will result if one works quickly enough. To 
drop the solution into the flasks without allowing any appreciable 
amounts of CO, to escape into the air requires a little practice, 
but after a few trials the best method is discovered and the nec- 
essary skill acquired. 

When the standards have been prepared, which requires only 
a few minutes at the most, everything is ready for an actual 
measurement. The procedure is as follows. After filling the 
prepared test tube with out-of-door air, 1 ¢.c. of the indicator 
solution is placed in its lower portion and the organism to be 
studied in its upper portion, either free or attached to the cork 
by a loop of thread. The tube is closed and agitated gently, 
either continuously or at intervals, to mix the air and the indi- 
eator solution thoroughly. It is neither desirable nor necessary 
to shake the tube vigorously ; with a little practise it will be dis- 
covered that a very slight movement of the proper sort will keep 
the liquid filled with bubbles and the air in the whole apparatus 
in circulation. From time to time the color of the solution is 
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compared with that of the standards. It is obvious that since 
the indicator solution is the same in each case and the starting 
point is the same, the same color indicates the same amount of 
CO, added. It is only necessary, from the relative volumes of 
water and air in the apparatus and the absorbtion coefficient 
under the conditions of the experiment, to calculate the total 
_ amount of CO, produced by the organism to the time of the ob- 
servation. Since the absorption of the CO, by the solution lags 
a little behind its production, it is well not to consider the time 
from the starting point to the first tube; from the first to the 
second, however, and the second to the third, ete., this factor is 
approximately the same in each case and therefore does not ap- 
preciably affect the results. 

As to the delicacy of the method, the indicator solution and 
the air in the tube, if the temperature is 16° C. and the absorp- 
tion coefficient therefore equal to 1, each contain 0.0006 mg. of 
CO, per ¢c.c. A ten per cent. increase causes a slight visible 
change in the color of the indicator solution, so a production of 
0.0003 me. in the 5 e.e. tube ought theoretically to be detectable. 
In practise, however, it is desirable to work with somewhat larger 
amounts, e.g., 0.001 mg. or more. In measuring the time, it is 
well instead of trying to determine the point at which the two 
tubes exactly match to take the average between the last observa- 
tion where the unknown tube is pinker and the first where it is 
yellower than the comparison tube. To meet a possible objec- 
tion, it may be said that when the carbon dioxide has increased 
one hundred per cent., the oxygen in the tube has decreased only 
approximately 0.2 per cent. ; consequently changes in the amounts 
of oxygen available for the organism during an ordinary experi- 
ment are hardly significant. 

In conelusion, it may be stated that the method has been 
tested by comparing it with that of Lund® on the same organism 
(a firefly) and the differences obtained were only of the order of 
magnitude observed where two successive observations were 
made on the same individual by the latter method alone; that is, 
within the limits of uncontrollable normal variations of the 
species in question. 
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